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-HQ·DL MDPDLV IDLWFRPPH WRXW OHPRQGHHW MHQHFRPSWHSDVFRPPHQFHUDXMRXUG·KXL
&HUWDLQHVSHUVRQQHVYRLHQWHQFHODXQHPDUTXHG·DUURJDQFH-HOHXUUpSRQGVTXHFHQ·HVW
SDVOHFDVELHQORLQGHOj
-HQHYDLVGRQFSDVFRPPHQFHUFHPpPRLUHFRPPHFHODVHIDLWKDELWXHOOHPHQWSDUXQH
EHOOHFLWDWLRQTXHM·DXUDLVHQWHQGXHTXHOTXHSDUWRXSULVHDXKDVDUGGDQVXQOLYUHTXHMH
Q·DXUDLVSDVOXGDQVVRQLQWpJUDOLWp-HQHYDLVSDVQRQSOXVGpGLHUFHPDQXVFULWjXQHRX
SOXVLHXUVSHUVRQQHVSURFKHV-·DLFHUWHVPLVWRXVPHVHIIRUWVWRXWHPDSDWLHQFHDLQVLTXH
WRXWHPRQDSSOLFDWLRQjODUpGDFWLRQGHVSDJHVTXLYRQWVXLYUHPDLVFRPPHWRXWWUDYDLO
GHUHFKHUFKHFHOXLFLVHYHXWLQFRPSOHWSHUIHFWLEOHHWVRXPLVjODFULWLTXH/HVSHUVRQQHV
jTXLMHSHQVHHQFHPRPHQWPpULWHQWELHQPLHX[
-HQHYDLVSDVQRQSOXV ORQJXHPHQW UHPHUFLHU WRXWHVFHOOHVHWFHX[TXLRQW WUDYDLOOpj
PHVFRWpV6WHIDQ%HUQKDUG5HQpH+ROJHU.DUVWHQLOVXIÀWG·DYRLUYXXQHVHXOHIRLV
O·HQWKRXVLDVPHTXLYRXVDDQLPpSHQGDQWFHVDQQpHVSRXUFRPSUHQGUHTXHWRXWGLVFRXUV
GHUHPHUFLHPHQWHVWVXSHUÁX
6WHIDQ MH SUpIqUH WH UHPHUFLHU GHP·DYRLU GRQQp FRQWUH WRXWH DWWHQWH GHPD SDUW OD
SRVVLELOLWpGHÀQLUPHVWURLVSUHPLHUVPRLVGHSULVHGHFRQWDFWDYHFODJpRORJLHGHWHUUDLQ
7XP·DVDFFRUGpWDFRQÀDQFHPDOJUpXQGpEXWTXHMHTXDOLÀHUDLVGHFDWDVWURSKLTXHHWMH
W·HQVXLVUHFRQQDLVVDQW&HQ·HVWSDVODSHLQHG·HQGLUHSOXVWXWHVRXYLHQVFHODQHIDLW
DXFXQGRXWH
0HUFL %HUQKDUGGHP·DYRLU DSSRUWp WRQ VRXWLHQW HW WHV HQFRXUDJHPHQWVSHQGDQW FHWWH
SUHPLqUHVHPDLQHGLIÀFLOH0HUFLDXVVLG·DYRLUWRXMRXUVSULVOHWHPSVGHFRUULJHUVRXYHQW
GDQVO·XUJHQFHWHOOHRXWHOOHÀJXUHWHORXWHODEVWUDFW
0HUFL5HQpH+ROJHU.DUVWHQGHP·DYRLURXYHUWOHVSRUWHVGHYRVODERUDWRLUHV0HUFLGH
P·DYRLUVSRQWDQpPHQWDFFXHLOOLGDQVYRVpTXLSHVDORUVTXHPRQVXMHWQHOHSUpYR\DLWSDV
GXWRXWDXGpSDUW
-H Q·DUULYH SDV QRQ SOXV j UHPHUFLHU $OH[DQGUH 6pEDVWLHQ0DUNXV %RXERX 5/%
6WHIDQR7MHUN1\QNH.DPLO$OPDU=ROWDQ3LHUUH5HL]L'pD0DWWKLDV0LKDL-DPHV
+HLNH-RKDQQ.DWK\,VD:LOO\6LOYLR.RQL1DWKDOLH9HUHQD6WHSKDQH+DQV)UDX
*ODQ]PDQQ+RUVW)UHG5LFK\-HDQHWWH0RQVLHXU)lKRX&pGULFG·DYRLUSDUWDJpDXWDQW
GHERQVPRPHQWVDYHFPRLDXVHLQGHO·LQVWLWXWHWELHQSOXVHQFRUH1RXVDYRQVSULVWDQW
GHSODLVLUjrWUHHQVHPEOHSRXUTXRLYRXVUHPHUFLHU"-HIHUDLVELHQPLHX[GHUHPHUFLHUOH
KDVDUGGHP·DYRLUSHUPLVGHYRXVUHQFRQWUHUHWMHVRXKDLWHVLQFqUHPHQWTXHQRXVJDUGLRQV
FRQWDFWDSUqVPRQGpSDUW
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$LPRIWKHVWXG\
7KLVVWXG\FRYHUVWZRNH\WRSLFV
$ÀUVWDLPRIWKHSUHVHQWVWXG\LVWRFRQWULEXWHWRDEHWWHUXQGHUVWDQGLQJRIWKH
IRUPDWLRQRIWKHDUFRIWKH:HVWHUQ$OSV7KLVVHPLFLUFXODUDUFKDVDUDGLXVRIDERXW
NLORPHWHUVDQGLVOLPLWHGE\WKH6:1(WUHQGLQJQRUWKHUQVXEDOSLQHFKDLQVWRWKHQRUWK
DQGE\WKH1:6(VWULNLQJVRXWKHUQVXEDOSLQHFKDLQVWRWKHVRXWK7KHVRXWKHUQVHJPHQW
RIWKHDUFH[WHQGLQJIURPWKH3HOYRX[WRWKH$UJHQWHUDH[WHUQDOFU\VWDOOLQHPDVVLIVLV
VXEMHFWRIWKLVVWXG\ÀJXUHVDDQGE
,QVSLWHRIDFHQWXU\RIJHRORJLFDOLQYHVWLJDWLRQVWKHUHLVQRJHQHUDODJUHHPHQW
FRQFHUQLQJWKHIRUPDWLRQRIWKLVDUF2QHRIWKHNH\SUREOHPVLVUHODWHGWRWKHDSSDUHQW
GLYHUJHQFH LQ WKHGLUHFWLRQRI WKUXVWLQJEHWZHHQ WKHDUHDVQRUWKDQG VRXWKRI WKH
3HOYRX[PDVVLIUHVSHFWLYHO\6HYHUDOPRGHOVDLPLQJWRH[SODLQWKHIRUPDWLRQRIWKLVDUF
KDYHEHHQSURSRVHG 9LDORQHWDO DQG3ODWWHWDO 5LFRX 5LFRXDQG
6LGGDQVDQG%XWOHUHWDO
&HULDQL HW DO  UHFHQWO\SURSRVHG WKHK\SRWKHVLV DFFRUGLQJ WRZKLFK WKH
$GULDWLF LQGHQWHU WULJJHUHG:1:WKUXVWLQJ DORQJ DPDMRURXWRI VHTXHQFH WKUXVW WKH
5RVHOHQG WKUXVW 57 ÀJXUH D$FFRUGLQJ WR WKHVH DXWKRUV GLVSODFHPHQWV DORQJ WKLV
VWUXFWXUHZHUHNLQHPDWLFDOO\OLQNHGWRGH[WUDOPRYHPHQWVDORQJWKH,QVXEULFOLQHWRWKH
QRUWKDQGDORQJVLQLVWUDOVWULNHVOLSDWWKHUHDURI$UJHQWHUDPDVVLI%HVLGHVWHVWLQJWKLV
K\SRWKHVLVWKLVVWXG\DOVRDLPVWRLQWHJUDWHWKHZRUNRI&HULDQLHWDOLQWRDFRKHUHQW
PRGHOWKDWDOVRLQFOXGHVWKHSUHVHQFHRI6:GLUHFWHGWKUXVWLQJVRXWKRI3HOYRX[7KLVODVW
IHDWXUH UHPDLQHGXQH[SODLQHGE\&HULDQL HW DO ZKREDVHG WKHLUK\SRWKHVLVRQ
ZRUNQRUWKRIWKH3HOYRX[PDVVLI
7KHVHFRQGNH\WRSLFRIWKLVZRUNLVDFRPSOHWHPLFURIDEULFDQDO\VLVRIFDOFLWH
XOWUDP\ORQLWHVIRXQGDWWKHHDVWHUQULPRIWKH3HOYRX[PDVVLI:1:GLUHFWHGHPSODFHPHQW
RI LQWHUQDO6XEULDQoRQQDLVDQG%ULDQoRQQDLVXQLWV OHG WR LPSUHVVLYHP\ORQLWLVDWLRQRI
(RFHQHQXPPXOLWLFOLPHVWRQHVDWWKHHDVWHUQULPRIWKH3HOYRX[PDVVLI
2QHPDMRUSUREOHPZLWKFDOFLWHIDEULFVSXEOLVKHGVRIDULVWKDWIRUDJLYHQVHQVHRI
VKHDUFD[LVPD[LPDRULHQWHGHLWKHUQRUPDOWRIROLDWLRQRUDOWHUQDWLYHO\RULHQWHGREOLTXH
URWDWHGZLWKRUDJDLQVW WKHVHQVHRIVKHDUKDYHEHHQGHVFULEHG+HQFH LQ WKHDEVHQFH
RIDFRKHUHQWPRGHORI WH[WXUHHYROXWLRQFDOFLWHFD[LVRULHQWDWLRQFRXOGQRWEHXVHG
DVDUHOLDEOHVKHDUVHQVHFULWHULRQ%DVHGRQWZRW\SHVRIPLFURIDEULFVGHYHORSHGXQGHU
FRD[LDODQGQRQFRD[LDONLQHPDWLFVDPRGHORIFDOFLWHFD[LVGLVWULEXWLRQLVSURSRVHGE\
WKLVVWXG\7KLVPRGHOZLOOEHFRPSDUHGWRUHVXOWVRIPLFURIDEULFDQDO\VLVIURPFDOFLWH
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XOWUDP\ORQLWHVIRXQGZLWKLQWKHLQYHVWLJDWHGDUHDDQGDORQJDVKHDU]RQHIURPWKHFHQWUDO
3\UHQHHV
7KLVWKHVLVIRUPVSDUWRIDODUJHUSURMHFWGHDOLQJZLWKWKHDUFRIWKH)UHQFK,WDOLDQ
$OSVDQGZDVVXEVWDQWLDOO\VXSSRUWHGE\WKH6ZLVV1DWLRQDO6FLHQFH)RXQGDWLRQSURMHFW
 WLWOHG7KH3HQQLQLFXQLWVRI WKH:HVWHUQ$OSVDORQJ WKH(&256&523
WUDQVHFWDQGWKHIRUPDWLRQRIWKHDUFRIWKH:HVWHUQ$OSV
7KHPDLQSDUWRI WKLVSURMHFWZDVFDUULHGRXWDW WKH*HRORJLFDO3DOHRQWRORJLFDO
,QVWLWXWH RI %DVHO 8QLYHUVLW\:KLOH %HUQKDUG )JHQVFKXK DQG 6WHIDQ 6FKPLG ZHUH
LQYROYHG LQ WKHÀHOGVWXGLHV5HQpH+HLOEURQQHUDQG+ROJHU6WQLW]FRQWULEXWHG WR WKH
PLFURVWUXFWXUDODQGWKH;UD\WH[WXUHJRQLRPHWU\DQDO\VLVRIWKHFDOFLWHXOWUDP\ORQLWHV
.DUVWHQ.XQ]HIURPWKH(7+=ULFKVXEVWDQWLDOO\SDUWLFLSDWHGLQWUHDWPHQWRIWKHWH[WXUDO
GDWDDQGWKHQXPHULFDOPRGHOLQJRIWH[WXUHV+RZHYHUWKHDXWKRURIWKLVWKHVLVDFTXLUHG
DOOWKHGDWDDQGLVSULPDULO\UHVSRQVLEOHIRUWKHLULQWHUSUHWDWLRQZLWKWKHKHOSRIWKHSHUVRQV
PHQWLRQHGDERYH
*HRJUDSKLFDO DQG JHRORJLFDO VHWWLQJ RI WKHÀHOG VWXG\ DUHD VLWXDWHGEHWZHHQ WKH
3HOYRX[DQG$UJHQWHUDPDVVLIV
7KH )UHQFKJHRORJLFDOPDS VKHHW*DS .HUFNKRYHHWDO ZDV
XVHGDVDQRYHUYLHZPDSIRUWKHZKROHDUHDÀJXUHD7KHZRUNLQJDUHDH[WHQGVIURPWKH
´&ROGX/DXWDUHWµLQWKHQRUWKWRWKH$OORV0RQW3HODWPDVVLILQWKHVRXWKIURP*DSLQ
WKHZHVWWR9LQDFLRLQWKHHDVWÀJXUHE
7KHNH\DUHDRIWKHÀHOGVWXG\ZDVORFDWHGDWWKHHDVWHUQDQGVRXWKHDVWHUQULPRI
WKH3HOYRX[PDVVLIÀJXUHFFRYHUHGE\WKH%5*0JHRORJLFDOPDSV*XLOOHVWUH
'HEHOPDV HW DO 2UFLqUHV 'HEHOPDV HW DO 6DLQW &KULVWRSKH HQ2LVDQV
%DUIpW\HWDO DQG%ULDQoRQ %DUIpW\HWDO 7KLV WULDQJXODU]RQHH[WHQGV
DERXWNLORPHWHUV16DQGNLORPHWHUV(:LQLWVODUJHVWSDUWÀJXUHF,WUHSUHVHQWV
WKHGLUHFWVRXWKHUQFRQWLQXDWLRQRIWKHDUHDLQYHVWLJDWHGE\&HULDQLLQDSUHFXUVRU
SURMHFW(OHYDWLRQVYDU\IURPPHWHUVLQWKHPDLQYDOOH\VWRPHWHUV%DUUHGHV
(FULQVVXPPLW
7KLVDUHD OLHVDORQJ WKH5RVHOHQG WKUXVW &HULDQLHWDODPDMRU WHFWRQLF
IHDWXUHVHSDUDWLQJWKH6XEULDQoRQQDLVDQG%ULDQoRQQDLVQDSSHVWDFNIURPWKHH[WHUQDOO\
ORFDWHG'DXSKLQRLVGRPDLQ7KH ODWWHU LVRYHUODLQE\ WKH+HOPHQWKRLG)O\VFKQDSSHV
RI3LHPRQW/LJXULDQRULJLQLHWKH(PEUXQDLV8ED\HQDSSHVWDFNHPSODFHGRQWRWKH
'DXSKLQRLVGRPDLQHDUO\RQDQGEHIRUHWKHWKUXVWLQJRIWKHLQWHUQDO3HQQLQLFXQLWVDORQJ
WKH5RVHOHQGWKUXVW
,1752'8&7,21
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)LJXUH D 6LPSOLÀHG JHRORJLFDO RYHUYLHZ RI WKH DUHD EHWZHHQ 3HOYRX[ DQG $UJHQWHUD PDVVLIV DIWHU
.HUFNKRYHHWDO'DVKHGOLQHVLQGLFDWHWKHRXWOLQHVRIÀJXUHFDQGRIWKHHQWLUHZRUNLQJDUHDRIWKLV
VWXG\UHVSHFWLYHO\
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)LJXUHE*HRJUDSKLFDOPDSRI WKH'DXSKLQRLVGRPDLQEHWZHHQ*UHQREOHDQG1LFH7KHVWXG\DUHD LV
RXWOLQHGE\WKHEODFNGDVKHGOLQH
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)LJXUHF6WUXFWXUDOPDSRI WKHHDVWHUQ ULPRI WKH3HOYRX[PDVVLIDIWHU%DUIpW\HWDO  DQG
'HEHOPDVHWDO6HHÀJXUHDIRUORFDWLRQ
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
2UJDQLVDWLRQRIWKHWKHVLV
7KLVGLVVHUWDWLRQFRQVLVWVEHVLGHVWKLVLQWURGXFWLRQRIWKUHHPDLQFKDSWHUVEULHÁ\
FKDUDFWHULVHGEHORZDQGRIDÀQDOV\QWKHVLVVXPPDULVLQJWKHPDLQUHVXOWVRIWKHSUHVHQW
ZRUN7KLVÀQDOV\QWKHVLVLVEDVHGRQWKHGLVFXVVLRQVDQGFRQFOXVLRQVSUHVHQWHGLQWKH
LQGLYLGXDOFKDSWHUV
&KDSWHU$SSDUHQWGLYHUJHQFHRIWKUXVWLQJGLUHFWLRQVQRUWKDQGVRXWKRIWKH3HOYRX[
PDVVLILPSOLFDWLRQVIRUWKHHYROXWLRQRIWKHZHVWHUQ$OSLQHDUF
*KLVODLQ7UXOOHQTXH%HUQKDUG)JHQVFKXKDQG6WHIDQ06FKPLGPDQXVFULSWSUHSDUHG
IRUVXEPLVVLRQWR´7HFWRQLFVµ
$IWHUSUHVHQWLQJWKHPDLQJHRORJLFDOXQLWVWKHWHFWRQLFVHWWLQJRIWKHLQYHVWLJDWHG
DUHD LVGLVFXVVHGDFFRUGLQJ WR WKHQHZVWUXFWXUDOGDWDDFTXLUHGE\ WKHÀUVWDXWKRU2XU
PRGHO EDVHG RQ WKUHH GHIRUPDWLRQ SKDVHV LQFOXGHV DQG FRQÀUPV WKH K\SRWKHVLV RI
&HULDQLHWDO:HFRQVLGHUWKDWWKHGLYHUJHQFHRIWKUXVWLQJGLUHFWLRQVUHFRUGHG
IURPQRUWKWRVRXWKRI3HOYRX[LVRQO\DQDSSDUHQWRQHLQWKHVHQVHWKDWLWLVWKHSURGXFW
RISRO\SKDVHGHIRUPDWLRQ&OHDURYHUSULQWLQJ UHODWLRQVKLSV LQGLFDWH WKDW6:DQG1:
GLUHFWHG WKUXVW V\VWHPVGHYHORSHG WRWDOO\ LQGHSHQGHQWO\6:WKUXVWLQJ LV FOHDUO\SRVW
GDWLQJ 1:WKUXVWLQJ $OO PRGHOV LQYROYLQJ D JUDGXDO FKDQJH RI FRQWHPSRUDQHRXV
WKUXVWLQJGLUHFWLRQVDUHWKHUHIRUHQRWDSSURSULDWHWRH[SODLQWKHIRUPDWLRQRIWKHDUFRIWKH
:HVWHUQ$OSV%DVHGRQWKHVHÀQGLQJVDQHZPRGHOIRUWKHHYROXWLRQRIWKHDUFRIWKH
:HVWHUQ$OSVLVSURSRVHG
&KDSWHU 0LFURIDEULFV RI FDOFLWH XOWUDP\ORQLWHV UHFRUGLQJ FRD[LDO DQG QRQFRD[LDO
GHIRUPDWLRQNLQHPDWLFV([DPSOHVIURPWKH5RFKHUGHO·<UHWVKHDU]RQH:HVWHUQ$OSV
*KLVODLQ7UXOOHQTXH.DUVWHQ.XQ]H5HQHH+HLOEURQQHU+ROJHU6WQLW]DQG6WHIDQ0
6FKPLGPDQXVFULSWVXEPLWWHGIRUSXEOLFDWLRQWR´7HFWRQRSK\VLFVµ
7KLV VWXG\ LV EDVHG RQ D FROOHFWLRQ RI  VDPSOHV RIP\ORQLWLVHG QXPPXOLWLF
OLPHVWRQH IRXQGDW WKHHDVWHUQ ULPRI WKH3HOYRX[PDVVLI7KHYHU\VSHFLÀFVWUXFWXUDO
VHWWLQJRIWKHRXWFURSLQYHVWLJDWHGDOORZVIRUWKHUHFRJQLWLRQRIWZRW\SHVRIPLFURIDEULFV
GHYHORSHGXQGHUFRD[LDODQGQRQFRD[LDONLQHPDWLFVUHVSHFWLYHO\
$QHZ W\SHRIREOLTXHFD[LVRULHQWDWLRQ LVGHVFULEHGE\PHDQVRIDFRPSOHWH
PLFURIDEULFDQDO\VLVDQGWKHDSSOLFDELOLW\RIFDOFLWHWH[WXUHVDVVKHDUVHQVHLQGLFDWRUVLV
GLVFXVVHG
,1752'8&7,21
&KDSWHU0LFURIDEULFDQDO\VLVRIFDOFLWLFPDUEOHVIURPWKHLQYHVWLJDWHGDUHDDQGWKH
*DYDUQLHEDVDOFRQWDFWFHQWUDO3\UHQHHV
7KLVFKDSWHUDLPVWRSURYLGHH[DPSOHVIRUWKHDSSOLFDWLRQRIWKHPLFURIDEULFPRGHO
SUHVHQWHGLQFKDSWHUWKHVHEHLQJUHOHYDQWIRUWKHFRQFOXVLRQVUHDFKHGLQFKDSWHU
6WUDLQW\SHHYROXWLRQVFRD[LDOGRPLQDWHGWRQRQFRD[LDOGRPLQDWHGDQGVWUDLQ
SDUWLRQQLQJSURFHVVHVDUHHYLGHQFHGZLWKLQWKHPDLQWHFWRQLFFRQWDFWVRIWKHLQYHVWLJDWHG
DUHDDQGDORQJWKH*DYDUQLHEDVDOVKHDU]RQHFHQWUDO3\UHQHHV)UDQFH7KH3\UHQHDQ
VDPSOHVZHUHSURYLGHGE\ -+3'H%UHVVHU IURP WKHH[SHULPHQWDO URFNGHIRUPDWLRQ
ODERUDWRU\DW8WUHFKW8QLYHUVLW\ZKRDOVRPDGHYDOXDEOHFRQWULEXWLRQVUHJDUGLQJWKLVSDUW
RIWKHPLFURIDEULFDQDO\VLV
$SSHQGLFHV
7KLV ODVW SDUW RI WKH WKHVLV SURYLGHV DSSHQGLFHV UHJDUGLQJ WKH SUHVHQWDWLRQ RI
GDWDVHWVDQGVWUXFWXUDOLQVLJKWVIURPWKHHDVWHUQULPRIWKH3HOYRX[PDVVLI$SSHQGL[$
WKHFRPSOHWHWH[WXUDODQGPLFURVWUXFWXUDOGDWDVHWIURPWKH5RFKHUGHO·<UHWVKHDU]RQH
SUHVHQWHGLQFKDSWHU$SSHQGL[%DQGDPHWDPRUSKLFVWXG\RIWKH'DXSKLQRLVGRPDLQ
DWWKHVRXWKHDVWHUQULPRIWKH3HOYRX[PDVVLI$SSHQGL[&
7KHGDWDSUHVHQWHGLQWKHVHWKUHHDSSHQGLFHVFRQWULEXWHGWRWKHRYHUDOOLQWHUSUHWDWLRQ
RIERWKWKHÀHOGDQGPLFURIDEULFUHODWHGSDUWVRIWKLVVWXG\UHVSHFWLYHO\$SSHQGLFHV$
DQG%ZLOOEHUHIHUUHGWRLQFKDSWHUVDQG7KHGDWDSUHVHQWHGLQ$SSHQGL[&DUH
SODQQHGIRUSXEOLFDWLRQDWDODWHUVWDJH
,1752'8&7,21


&+$37(5
 $33$5(17 ',9(5*(1&( 2) 7+5867,1* ',5(&7,216
1257+$1'6287+2)7+(3(/928;0$66,),03/,&$7,216
)257+((92/87,212)7+(:(67(51$/3,1($5&
*KLVODLQ7UXOOHQTXHD%HUQKDUG)JHQVFKXKDDQG6WHIDQ06FKPLGD
D'HSDUWPHQWRI*HRVFLHQFHV%DVHO8QLYHUVLW\&+%DVHO6ZLW]HUODQG
&RUUHVSRQGLQJDXWKRU
*KLVODLQ7UXOOHQTXH
'HSWRI*HRVFLHQFHV
%DVHO8QLYHUVLW\
%HUQRXOOLVWU
&+%DVHO
6ZLW]HUODQG
7HO
)D[
(PDLOJKLVODLQWUXOOHQTXH#XQLEDVFK
.H\ZRUGV
:HVWHUQ$OSV'DXSKLQRLVGRPDLQVKHDUVHQVHDQDO\VLVSRO\SKDVHWHFWRQLFVQDSSH
VWDFNLQJ
&+$37(5


&+$37(5
$EVWUDFW
,QWKH:HVWHUQ$OSVWKH3HQQLQLF%DVDO&RQWDFW3%&&HULDQLHWDOGHÀQHV
WKHWHFWRQLFERXQGDU\EHWZHHQWKHH[WHUQDO'DXSKLQRLVGRPDLQDQGWKHLQWHUQDO3HQQLQLF
XQLWV
'XULQJWKH(RFHQHWKH3%&FRUUHVSRQGVWRWKHVXWXUHEHWZHHQ'DXSKLQRLVDQG
6XEULDQoRQQDLV%ULDQoRQQDLV GRPDLQV UHODWHG WR WKH VXEGXFWLRQ RI WKH 9DODLV RFHDQ
&HULDQL HW DO  ,Q WKH 2OLJR0LRFHQH LHGXULQJ D VHFRQG DQGSRVWFROOLVLRQDO
VWDJH(RFHQHVWUXFWXUHVZHUHSDVVLYHO\WUDQVSRUWHGWRZDUGVWKH:1:DORQJDPDMRURXW
RIVHTXHQFHWKUXVWWKH5RVHOHQGWKUXVW57SDUWLDOO\FRLQFLGLQJZLWKDQGUHDFWLYDWLQJ
WKH3%&6WUXFWXUDODQDO\VLVRINH\RXWFURSVFRPELQHGZLWKPLFURIDEULFLQYHVWLJDWLRQV
RIFDOFLWHXOWUDP\ORQLWHVDOORZHGWRWUDFHWKHVRXWKHUQFRQWLQXDWLRQRIWKH57LQDEURDG
VKHDU]RQHDWWKHULPRIWKH3HOYRX[PDVVLIDQGIXUWKHU6RXWKDORQJWKH%ULDQoRQQDLVIURQW
7ULFDUWDWWKHUHDURIWKH(PEUXQDLV8ED\HQDSSHVWDFN7KH57ÀQDOO\EUDQFKHV
LQWRDVLQLVWUDOVWULNHVOLS]RQH1(RIWKH$UJHQWHUDPDVVLI
7KHDUHDVRXWKRIWKH3HOYRX[PDVVLILVDGGLWLRQDOO\FKDUDFWHUL]HGE\6:GLUHFWHG
WKUXVWLQJDIHDWXUHWRWDOO\DEVHQWQRUWKRILW'HWDLOHGLQYHVWLJDWLRQVRIRXWFURSVIRXQG
DORQJ VWULNH RI WKH57 WKH EDVDO GHFROOHPHQW RI ERWK 'DXSKLQRLV SDUDDXWRFKWRQRXV
7HUWLDU\FRYHUDQG+HOPHQWKRLG)O\VFKRIWKH(PEUXQDLV8ED\HQDSSHVWDFNUHYHDOWKDW
WRS6:WKUXVWLQJLVD\RXQJHULH'HYHQWRYHUSULQWLQJHDUOLHUIHDWXUHVOLQNHGWR'
:1:GLUHFWHGGLVSODFHPHQWV
7KH\RXQJHVWGHIRUPDWLRQHYHQWIRXQGLQWKHDUHD'LVFRQVLVWHQWZLWKQRUPDO
IDXOWLQJDORQJWKH'XUDQFHV\VWHP
2QDODUJHUVFDOHLWLVFRQFOXGHGWKDWWKHZKROH$GULDWLFLQGHQWHUZDVWKUXVWHGRQWR
WKH(XURSHDQSODWHDORQJWKH57GXULQJ2OLJR0LRFHQHWLPHV$FWLYLW\DORQJWKLVVWUXFWXUH
LVOLQNHGWRGH[WUDOPRYHPHQWVDORQJWKH5KRQH6LPSORQOLQHDQGVLQLVWUDOPRYHPHQWV
DWWKHUHDURIWKH$UJHQWHUDPDVVLI$GGLWLRQDOO\LWLVSURSRVHGWKDWWKHRQVHWRI'6:
GLUHFWHGPRYHPHQWVÀQGVLWVRULJLQLQWKHRSHQLQJRIWKHZHVWHUQ0HGLWHUUDQHDQEDVLQ
DQGWKHIRUPDWLRQRIWKH$SSHQLQHFKDLQLQPLGGOH0LRFHQHWLPHV
&+$37(5


&+$37(5
,QWURGXFWLRQ
7KHIRUPDWLRQRIWKH$OSLQHQDSSHVWDFNUHVXOWVIURPWKHFORVXUHRIWKH9DODLVDQ
DQG3LHPRQW/LJXULDQRFHDQLFGRPDLQVVHSDUDWHGIURPHDFKRWKHUE\WKH%ULDQoRQQDLV
PLFURFRQWLQHQW'XULQJDQGDIWHU7HUWLDU\FROOLVLRQEHWZHHQWKH$SXOLDQDQG(XURSHDQ
SODWHV LQWHQVLYHO\GHIRUPHG3HQQLQLFXQLWVZHUH WKUXVWHGRQWR WKH (XURSHDQ IRUHODQG
DORQJDPDMRUWHFWRQLFFRQWDFWUHIHUUHGWRDV3HQQLQH3HQQLQLF)URQWRU3HQQLQH3HQQLQLF
)URQWDO7KUXVW0HUOHDQG%UXQ0RVDUHWDO%DJQRXGHWDO6SHQFHU
6HZDUGDQG0DQFNWHORZ%UJLVVHUDQG)RUG
%DVHGRQGHWDLOHGPDSSLQJDQGDVWUXFWXUDODQDO\VLVLQWKHDUHDEHWZHHQWKH$UF
DQG ,VqUHYDOOH\VHDVWRI WKH%HOOHGRQQHPDVVLI&HULDQLHWDO &HULDQL 
&HULDQLDQG6FKPLGGRFXPHQWHGDSRO\SKDVHKLVWRU\RIWKLVPDMRUWHFWRQLFFRQWDFW
,Q(RFHQHWLPHVWKH3HQQLQLF%DVDO&RQWDFW3%&&HULDQLHWDOZDVDFWLYHDV
DVLQLVWUDOO\WUDQVSUHVVLYH]RQHGXULQJDQGDIWHUVXEGXFWLRQRIWKH9DODLVDQRFHDQ7KLV
HSLVRGHZDV IROORZHGE\2OLJRFHQH WR(DUO\0LRFHQH:1:GLUHFWHGRXWRIVHTXHQFH
WKUXVWLQJDORQJWKHVRFDOOHG5RVHOHQG7KUXVW57SDUWLDOO\UHDFWLYDWLQJWKHIRUPHU3%&
EXWSURSDJDWLQJIXUWKHULQWRWKH'DXSKLQRLVGRPDLQDWWKHUHDURIWKH*UDQGHV5RXVVHV
PDVVLI,QWKHLUPRGHO&HULDQLHWDOZKRRQO\ZRUNHGQRUWKRIWKH3HOYRX[PDVVLI
VXJJHVWHGWKDWWKH57PD\MRLQWKH%ULDQoRQQDLV)URQW%)7ULFDUWDWWKH
UHDURIWKH(PEUXQDLV8ED\HQDSSHVWDFNVRXWKRIWKH3HOYRX[PDVVLILQRUGHUWRÀQDOO\
EUDQFKLQWRDEURDGVLQLVWUDOVWULNHVOLS]RQHDWWKHUHDURIWKH$UJHQWHUDPDVVLI$GHWDLOHG
VWXG\FRQÀUPLQJRUUHMHFWLQJWKLVK\SRWKHVLVLVVWLOOPLVVLQJKRZHYHU
7KHVWUXFWXUDOVHWWLQJRIWKH'DXSKLQRLVGRPDLQVRXWKRIWKH3HOYRX[PDVVLILV
LQFRPSDULVRQWRWKHDUHD1RIWKH3HOYRX[PDVVLIDGGLWLRQDOO\FRPSOLFDWHGE\UHOLFWVRI
HDUO\$OSLQHVWUXFWXUHV0RUHRYHUWRS6:GLUHFWHGNLQHPDWLFVKDYHEHHQGHVFULEHGE\
PDQ\DXWKRUV HJ)U\%UJLVVHU%UJLVVHUDQG)RUG/LFNRULVKDQG
)RUG/LFNRULVKHWDO)RUGHWDO)RUGDQG/LFNRULVKZKHUHE\LW
UHPDLQHGXQFOHDUDVWRZKHWKHUWKLVWRS6:WKUXVWLQJSUHGDWHVLVFRQWHPSRUDQHRXVZLWK
RUSRVWGDWHVWKHWRS:1:WKUXVWLQJDORQJWKH5RVHOHQGWKUXVW
7KH VLJQLÀFDQFH DQG DPRXQW RI6:GLUHFWHG WKUXVWLQJ RQO\ REVHUYHG LQ WKH
'DXSKLQRLVGRPDLQVRXWKRIWKH3HOYRX[PDVVLILVDPDWWHURIGHEDWHLQWKHOLWHUDWXUH
6HYHUDO PRGHOV DLP WR FRPELQH WRS6: GLVSODFHPHQWV ZLWK WKH WRS1: GLUHFWHG
PRYHPHQWV REVHUYHG QRUWK RI WKH 3HOYRX[PDVVLI %UJLVVHU  IRUPXODWHG WZR
JURXSVRIK\SRWKHVHVWKH´UDGLDOµDQGWKH´FRUQHUµK\SRWKHVHV
7KH UDGLDOK\SRWKHVLV LQFOXGHVPRGHOVVXFKDV WKDWRI9LDORQHWDO RU
DPRGHOSURSRVHGE\3ODWWHWDO $FFRUGLQJ WR9LDORQHWDO  WKH UDGLDO
WKUXVWLQJSDWWHUQ LVJHQHUDWHGE\FRXQWHUFORFNZLVH URWDWLRQRI WKH WUDQVODWLRQGLUHFWLRQ
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RIWKH0RQW%ODQF%HOOHGRQQH3HOYRX[EORFNDORQJWKHZHVWHUQVLGHZDOORIWKH$SXOLDQ
LQGHQWHU WKDWPRYHGQRUWKZHVWZDUG7KLVURWDWLRQZDVDFFRPSDQLHGE\KHOLFDOGH[WUDO
VWULNHVOLSIDXOWVVRFDOOHG5LQJVKHDUPRGHO$FFRUGLQJWR3ODWWHWDODWKUHH
GLPHQVLRQDOUDGLDORURJHQLFZHGJHPLJKWGHYHORSDKHDGRIDURXQGHGLQGHQWHUEHFDXVH
RIWKHFRPELQDWLRQRIWKHSODWHPRWLRQYHFWRUDQGWKHWRSRJUDSKLFDOO\GULYHQERG\IRUFHV
JUDYLW\JHQHUDWHGSHUSHQGLFXODUWRWKHWUHQGRIWKHRURJHQLFZHGJH
7KHFRUQHUK\SRWKHVLVLQFOXGHVPRGHOVVXFKDVWKRVHSURSRVHGE\5LFRX
5LFRXDQG6LGGDQV DQG WKHPRGHORI%XWOHUHWDO 7KHPRGHORI5LFRX
5LFRX DQG 6LGGDQV  LQYROYHV LQGHQWDWLRQ RI WKH$GULD LQGHQWHU LQ WZR
VWHSV$FFRUGLQJWRWKLVK\SRWKHVLVWKH$GULDLQGHQWHUPRYHGWRZDUGVWKHQRUWKGXULQJ
DÀUVWGHIRUPDWLRQSKDVHDFWLYHIURPODWH&UHWDFHRXVWRWKH(RFHQH'HIRUPDWLRQZDV
DFFRPPRGDWHGDORQJPDMRU16VWULNHVOLS]RQHVZLWKLQWKHRURJHQ,QDVHFRQGHSLVRGH
IURPWKH2OLJRFHQHWRWKH3OLRFHQHWKHFRXQWHUFORNZLVHFKDQJHLQWKHWUDQVODWLRQSDWK
RI$GULD FDXVHG WKH 6:GLUHFWHG WKUXVWLQJ UHFRUGHG LQ WKH 'DXSKLQRLV GRPDLQ VRXWK
RI3HOYRX['HIRUPDWLRQZLWKLQ WKHRURJHQZDV WKHQDFFRPPRGDWHGE\GH[WUDO VWULNH
VOLSDORQJ1(6:VWULNLQJIDXOWV'LHWULFKDQG'XUQH\/DXEVFKHU
DOVR FDPH WR D VLPLODUPRGHO WKDWSURSRVHV DSRO\SKDVH WUDQVODWLRQSDWKRI WKH$GULD
LQGHQWHU7KHPRGHORI%XWOHU HW DO  LQYROYHV D OLQHDUSODWHPRWLRQE\ DW OHDVW
NPWRZDUGV:1:LQGXFLQJFRQVLGHUDEOHWKLFNHQLQJZLWKLQWKHLQWHUQDOSDUWVRIWKH
RURJHQ6:GLUHFWHGWKUXVWLQJZLWKLQWKHVRXWKHUQVXEDOSLQHFKDLQVLVLQWHUSUHWHGDVD
FRQVHTXHQFHRID ODWHUDOJUDYLWDWLRQDOFROODSVHRI WKHRURJHQ,Q WKLVPRGHOVXFK6:
GLUHFWHGGLVSODFHPHQWVFRQVWLWXWHDODWHUWRWDOO\LQGHSHQGHQWWKUXVWV\VWHPFRPSDUHGWR
WKHVWUXFWXUHVUHODWHGWRWKH1:GLUHFWHGPRYHPHQWV
%UJLVVHUGHVFULEHGFOHDUHYLGHQFHIRU6:GLUHFWHGWKUXVWLQJDORQJWKH
EDVDOGHFROOHPHQWRIWKH(RFHQHFRYHURIWKHVRXWKHUQPRVWSDUWVRIWKH3HOYRX[PDVVLIDQG
DWWKHEDVHRIWKH(PEUXQDLV8ED\HQDSSHVWDFN$FFRUGLQJWRWKLVDXWKRU6:GLUHFWHG
GHIRUPDWLRQDSSHDUVWREHFRQWHPSRUDQHRXVZLWK1:GLUHFWHGWKUXVWLQJUHFRUGHGQRUWK
RIWKH3HOYRX[PDVVLI7KHFRHYDODFWLYLW\RIWRS1:DQGWRS6:WKUXVWLQJUHVSHFWLYHO\
KDVDOVREHHQSURSRVHGE\/LFNKRULVFKHWDO
,WLVWKHDLPRIWKLVFRQWULEXWLRQWRWHVWWKHK\SRWKHVLVRI&HULDQLHWDO
DQGSURYLGHGLWLVIRXQGWREHDGHTXDWHLWVLQWHJUDWLRQLQWRDFRKHUHQWPRGHO7KHUHE\
WKHHYLGHQFHIRU WRS6:PRYHPHQWVZLOODOVREH WDNHQ LQWRDFFRXQW7KHVHDUH LQIDFW
UHFRUGHG LQ WKHDUHDEHWZHHQ3HOYRX[DQG$UJHQWHUDPDVVLIVEXWQRWH[SODLQHGE\ WKH
PRGHORI&HULDQLHWDO7KHSUHVHQWVWUXFWXUDODQDO\VLVDOVRLQFOXGHVLQYHVWLJDWLRQV
RIWKHEDVDOFRQWDFWRIWKH3HQQLQLF(PEUXQDLV8ED\HQDSSHVWDFN1RJHQHUDODJUHHPHQW
ZDVIRXQGLQWKHH[LVWLQJOLWHUDWXUHFRQFHUQLQJWKHRULJLQDOGLUHFWLRQRIHPSODFHPHQWRI
WKHVH LQWHUQDOXQLWVRI%ULDQoRQQDLVDQG3LHPRQW/LJXULDQRULJLQRQWR WKH'DXSKLQRLV

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GRPDLQ
:HZLOO SUHVHQW WKH UHVXOWV RI DQ H[DPLQDWLRQ RI WKHPDLQ WHFWRQLF FRQWDFWV
SDUWLFXODUO\IRFXVVLQJRQ WKHNLQHPDWLFVRIPRYHPHQW'HWDLOHGPDSV LQNH\DUHDVDUH
XVHG WRFRQVWUDLQ WKHSUHVHQWGD\JHRPHWU\RI WKH UHJLRQ3DUWLFXODUHPSKDVLVZLOOEH
JLYHQWRFOHDURYHUSULQWLQJUHODWLRQVKLSVLQRUGHUWRDQDO\VHWKHNLQHPDWLFHYROXWLRQRI
WKHDUHD$OOWKLVZLOOÀQDOO\OHDGWRDQHZLQWHUSUHWDWLRQRIWKHWHFWRQLFHYROXWLRQRIWKH
VRXWKHUQSDUWRIWKHZHVWHUQ$OSLQHDUFRQWKHODUJHVFDOH
*HRORJLFDOVHWWLQJ
7KLVGHWDLOHGVWUXFWXUDODQDO\VLVÀUVWFRQFHQWUDWHVRQWKHHDVWHUQDQGVRXWKHDVWHUQ
SDUWVRIWKHULPRIWKH3HOYRX[PDVVLIÀJVDQG$VDOUHDG\RXWOLQHGE\%UJLVVHU
 WKLV DUHD LV RI FUXFLDO LPSRUWDQFH IRU XQGHUVWDQGLQJ WKH UROH RI 6:GLUHFWHG
NLQHPDWLFVVLQFHVXFK6:GLUHFWHG WKUXVWLQJ LVQRWUHFRUGHGIXUWKHUQRUWK,QRUGHU WR
YHULI\RXUÀQGLQJV LQ WKHDUHDQHDU WKH3HOYRX[PDVVLIRQD ODUJHUVFDOHZHH[WHQGHG
RXUVWXG\IXUWKHU WRZDUGV WKH6(E\ LQYHVWLJDWLQJ WKH5RVHOHQG WKUXVWQRUWKHDVWDQGDW
WKHUHDURIWKH$UJHQWHUDPDVVLIZKHUHLWDIIHFWVERWK'DXSKLQRLVDQG6XEULDQoRQQDLV
%ULDQoRQQDLVGRPDLQVÀJ
7KUHHPDLQVWUXFWXUDOGRPDLQVDUHGLVWLQJXLVKHG LQ WKHZRUNLQJDUHDQDPHO\
WKHH[WHUQDO'DXSKLQRLVGRPDLQWKH(PEUXQDLV8ED\HQDSSHVWDFNFRQVLVWLQJRI
EDVDOVOLFHVRI6XEULDQoRQQDLVRULJLQRYHUODLQE\Á\VFKRI3LHPRQW/LJXULDQRULJLQDQG
WKH3HQQLQLFXQLWVEHKLQGWKH´ %ULDQoRQQDLV)URQWµLQWKHVHQVHRI7ULFDUW
ODUJHO\FRLQFLGLQJZLWKWKH5RVHOHQGWKUXVWDVSRVWXODWHGE\&HULDQLHWDOÀJ
(DVWRIWKH5RVHOHQGWKUXVW%ULDQoRQQDLVXQLWVSUHGRPLQDWHDQGDUHORFDOO\RYHUODLQE\
3LHPRQW/LJXULDGHULYHGÁ\VFKZKLOHVOLFHVRI6XEULDQoRQQDLVRULJLQDUHIRXQGDORQJD
ZHVWHUQPRVWVWULSLQWKH3HOYRX[DUHDRQO\7KHPDLQJHRORJLFDOFKDUDFWHULVWLFVRIWKHVH
XQLWVDUHEULHÁ\GHVFULEHGEHORZ
7KH'DXSKLQRLVGRPDLQ
7KH 'DXSKLQRLV GRPDLQ LV SDUW RI WKH (XURSHDQ PDUJLQ DQG FRPSRVHG RI
9DULVFDQ EDVHPHQW FDUU\LQJ D WKLFN0HVR]RLF WR7HUWLDU\ VHGLPHQWDU\ FRYHU 'XULQJ
0HVR]RLF ULIWLQJ WKH HDVWHUQPDUJLQRI WKH (XURSHDQSODWHZDV VXEVWDQWLDOO\ WKLQQHG
)RUPDWLRQRIPDMRU WLOWHGFUXVWDOEORFNVDOORZHG IRU WKHGHSRVLWLRQRI WKLFN0HVR]RLF
VHGLPHQWDU\VHULHVLQDV\PPHWULFKDOIJUDEHQV7KHVHKDOIJUDEHQVLQWHQVLYHO\GHVFULEHG
LQOLWHUDWXUH7ULFDUWHWDO'DYLHV*LOOFULVWHWDO%XWOHU&RZDUGHW
DO+X\JKHDQG0XJQLHU/D]DUUHHWDO6XHHWDOZHUHLQYHUWHG
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)LJXUH 6LPSOLÀHG JHRORJLFDO RYHUYLHZ RI WKH DUHD EHWZHHQ3HOYRX[ DQG$UJHQWHUDPDVVLIV DIWHU
.HUFNKRYHHWDODQG%LJLHWDO1RWHWKHFRQVWDQW(6(:1:RULHQWHGVWUHWFKLQJOLQHDWLRQV
IRXQGDORQJWKH5RVHOHQGWKUXVW

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GXULQJ$OSLQHRURJHQ\DQGUHOLFVDUHGLUHFWO\REVHUYDEOHZLWKLQWKH3HOYRX[PDVVLIDQG
LPPHGLDWHO\QRUWKRI LW3DOHRQRUPDO IDXOWV VXFKDV WKH IDPRXV´&ROG·2UQRQµ IDXOW
%DUIpW\HWDO/HPRLQHHWDODUHPRVWO\1(6:VWULNLQJ
0HVR]RLFVWUDWDDUHGLVFRUGDQWO\RYHUODLQE\DFRQJORPHUDWHIRUPDWLRQ*XSWD
IROORZHGE\WKHFODVVLFDO´3ULDERQLDQWULORJ\µ5DYHQQH$SSVHWDO
ZKLFKFRPSULVHVIURPEDVHWRWRS
 VKDOORZZDWHUQXPPXOLWLFOLPHVWRQHRIYDULDEOHWKLFNQHVV²P
 KHPLSHODJLFJORELJHULQDPDUOV²P
 WKH&KDPSVDXUVDQGVWRQHIRUPDWLRQDUHJXODUDOWHUQDQFHRIWXUELGLWLFVDQGVWRQHV
DQGVKDOHV3HUULDX[DQG8VHOOH:DLEHOZKRVHWKLFNQHVVYDULHVIURP
WRPHWHUV,QVRPHDUHDVLPPHGLDWHO\VRXWKRIWKH3HOYRX[PDVVLIWKH
VLOLFLFODVWLFGHSRVLWVFRQWDLQXSWRRIYROFDQLFGHWULWXV'HEUDQG3DVVDUGHW
DO%UJLVVHU
7KH(PEUXQDLV8ED\HQDSSHVWDFN
7KH(PEUXQDLV8ED\HQDSSHVWDFNFRPSULVHV WKH$XWDSLHQDSSHRYHUODLQE\
WKH3DUSDLOORQQDSSH%RWKRIWKHPEXLOGXSWKH&UHWDFHRXVDJH+HOPHQWKRLGÁ\VFKRI
3LHPRQW/LJXULDRULJLQ7KHVHÁ\VFKXQLWVDUH ORFDOO\XQGHUODLQE\ VOLYHUV UHIHUUHG WR
DV´6XEULDQoRQQDLVµDOWKRXJKWKHIDFLHVRIVRPHRIWKHVHVOLYHUVUDWKHUUHPLQGVRIWKDW
IRXQGLQWKHFODVVLFDO%ULDQoRQQDLVUDWKHUWKDQWKDWIRXQGLQWKH6XEEULDQoRQQDLVQRUWK
RI3HOYRX[
$PDULQHWHFWRQRVHGLPHQWDU\PHODQJHWKHVRFDOOHG´ VFKLVWHVjEORFVµIRUPDWLRQ
.HUFNKRYHIRUPHGLQIURQWRIWKHDGYDQFLQJ$XWDSLHQDSSH,WPDUNVWKHHQGRI
VHGLPHQWDWLRQZLWKLQ WKH3ULDERQLDQEDVLQRI WKH 'DXSKLQRLV7KLV ´VFKLVWHV jEORFVµ
XQLW LVIRXQGZLWKRXW WHFWRQLFGLVFRQWLQXLW\RQ WRSRI WKH&KDPSVDXUVHULHVDQGKHQFH
LVFRQVLGHUHGDVSDUWRIWKH'DXSKLQRLVÀJVDQG,WFRPSULVHVDQDVVRFLDWLRQRI
GHFLPHWULF WRPHWULFVDQGVWRQHDQG OLPHVWRQHEORFNVPRVWO\GHULYHGIURP WKH$XWDSLH
QDSSHDQGHPEHGGHGLQDEODFNPDUO\PDWUL[
:LWKLQ WKH LQYHVWLJDWHG DUHD WKH$XWDSLH QDSSH LV SUHVHUYHG DV VOLFHV RQO\
LQWHQVLYHO\IROGHGWRJHWKHUZLWKWKHXQGHUO\LQJ'DXSKLQRLVVHULHV7KH3DUSDLOORQQDSSH
RQ WKH RWKHUKDQG LVPXFK EHWWHUSUHVHUYHG DQG LW FRQVLVWV IURP EDVH WR WRS RI WKH
IROORZLQJVXFFHVVLRQ.HUFNKRYH
 VLOLFLFEODFNVFKLVWVZLWKFHQWLPHWULFVDQGVWRQHOD\HUVWKHVRFDOOHG´FRPSOH[HGH
EDVHµ
 +HOPLQWKRLG Á\VFK ZLWK PDVVLYH VDQGVWRQH OD\HUV WKH VRFDOOHG ´(PEUXQDLV
VDQGVWRQHVµYDU\LQJWKLFNQHVVRIWRP
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 &DOFDUHRXV+HOPLQWKRLGÁ\VFKVKRZLQJD UHJXODU LQWHUQDOVWUDWLÀFDWLRQ  WR
P
$FFRUGLQJ WR)U\ /LFNRULVKDQG)RUG 0HUOHDQG%UXQ 
WKHHDUO\HPSODFHPHQWRIWKH(PEUXQDLV8ED\HQDSSHVWDFNRQWRWKH'DXSKLQRLVGRPDLQ
LVGDWHGIURPWKH(DUO\2OLJRFHQH5XSHOLDQ1XPHURXVUHOLFVRIKHOPHQWKRLGÁ\VFKRQ
WRSRIWKH%ULDQoRQQDLVXQLWVFOHDUO\GHPRQVWUDWHWKDWWKH(PEUXQDLV8ED\HQDSSHVWDFN
ZDVRULJLQDOO\GHULYHGIURPDPRUHLQWHUQDOSDOHRJHRJUDKLFSRVLWLRQZLWKUHVSHFWWRWKH
%ULDQoRQQDLVXQLWV
7KH6XEULDQoRQQDLVGRPDLQ
7KH6XEULDQoRQQDLVGRPDLQ LQ WKHSDOHRJHRJUDSKLF VHQVH IRUPHG WKHSDVVLYH
PDUJLQRIWKH%ULDQoRQQDLVGXULQJWKHRSHQLQJRIWKH9DODLVRFHDQ,WVWHFWRQLFSRVLWLRQ
LV EHWZHHQ WKH XQGHUO\LQJ 'DXSKLQRLV XQLWV DQG WKH RYHUO\LQJ %ULDQoRQQDLV XQLWV ,W
LVSUHVHQWO\H[SRVHG LQ WKH´$UJHQWLqUHZLQGRZµQHDU2UHDF ÀJVDQG DKDOI
ZLQGRZDFFRUGLQJWR%DUIpW\DQGZDVÀUVWUHFRJQL]HGE\*LJQRX[HWDO
*LJQRX[DQG0RUHW7KHDJHRIWKHGLIIHUHQWVWUDWLJUDSKLFXQLWVZLWKLQWKLVKDOI
ZLQGRZUDQJHVIURPXSSHU2[IRUGLDQ ´7HUUHVQRLUHVµXQLW WR&UHWDFHRXVFDOFVFKLVWV
7KH VWUDWLJUDSKLFDOO\ \RXQJHVW IRUPDWLRQ RI WKH 6XEEULDQoRQQDLV XQLWV LV WKH ´EODFN
Á\VFKµIRUPDWLRQRI/XWHWLDQDJHFRQVLVWLQJRIDQDOWHUQDQFHRIFHQWLPHWULFWRGHFLPHWULF
OD\HUVRIEODFNVFKLVWVDQGÀQHJUDLQHGVDQGVWRQHV7KLVEODFNÁ\VFKIRUPDWLRQLQFOXGHV
ODUJHROLVWROLWKVVXFKDVIRUH[DPSOHWKH'RJJHUOLPHVWRQHVOLFHIRXQGEHORZWKH´7rWH
GHV/DX]LqUHVµVXPPLWVHHFURVVVHFWLRQLQÀJXUHFDQG'HEHOPDV
,QPDS YLHZ H[FHSW IRU WKH DERYHPHQWLRQHG$UJHQWLqUH KDOIZLQGRZ WKH
6XEULDQoRQQDLVXQLWXVXDOO\ IRUPV DQDUURZEDQGERUGHULQJ WKH %ULDQoRQQDLVGRPDLQ
HDVWDQGVRXWKRIWKH3HOYRX[PDVVLI7KLVWKLQQLQJPLJKWEHH[SODLQHGE\ODWHQRUPDO
IDXOWLQJGLVVHFWLQJ WKH6XEULDQoRQQDLVDQG%ULDQoRQQDLV IURQW 7ULFDUWHWDORU
DOWHUQDWLYHO\E\ LQWHQVHVKHDULQJRI WKHXQLWVDW WKHHDVWHUQ ULPRI WKH3HOYRX[PDVVLI
5RFKHUGHO·<UHWVKHDU]RQHVHHFKDSWHU
)LQDOO\DVPHQWLRQHGDERYHVOLFHVUHODWHGWRWKH6XEULDQoRQQDLVDUHDOVRIRXQG
LQDSUHVHQWO\PRUHH[WHUQDOSRVLWLRQQDPHO\DWWKHEDVHRIWKH(PEUXQDLV8ED\HQDSSH
VWDFN7KHVH VOLFHV WRJHWKHUZLWK7ULDVVLF GRORPLWLF OLPHVWRQH XQLWV RI %ULDQoRQQDLV
SDOHRJHRJUDSKLFRULJLQDUHLQWHUSUHWHGDVKDYLQJEHHQVFUDSHGRIIIURPWKHH[WHUQDOERUGHU
RIWKH(RFHQHDFFUHWLRQDU\SULVPGHYHORSHGZLWKLQWKH%ULDQoRQQDLVGRPDLQGXULQJWKH
HPSODFHPHQWRIWKH+HOPHQWKRLGÁ\VFKQDSSHVRQWR'DXSKLQRLV7KHLUDWWULEXWLRQWRWKH
´6XEULDQoRQQDLVµPRUHUHÁHFWVWKHLUSUHVHQWVWUXFWXUDOSRVLWLRQEHORZRULQIURQWRIWKH
%ULDQoRQQDLVEHKLQGWKH5RVHOHQGWKUXVWUDWKHUWKDQWKHLUSHDOHRJHRJUDSKLFRULJLQ

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7KH%ULDQoRQQDLVGRPDLQ
7KHSUHVHQWJHRPHWU\RIWKHYDULRXV%ULDQoRQQDLVWHFWRQLFXQLWVLQWKHLQYHVWLJDWHG
DUHDUHVXOWVIURPVHYHUDOGHIRUPDWLRQSKDVHVGHVFULEHGLQGHWDLOE\7ULFDUW
UHIHUUHGWRDV´ 7HFWRQLTXH,WR,9µE\WKLVDXWKRU7KHJHRPHWU\RIWKH%ULDQoRQQDLVGRPDLQ
LQGLFDWHV VWDFNLQJRI VHYHUDOQDSSHV VRPHRI WKHP IRUPHO\ UHSUHVHQWLQJ VHGLPHQWDU\
LQÀOOVRIJUDEHQVGHYHORSHGZLWKLQ WKH%ULDQoRQQDLVSODWIRUPGXULQJ0HVR]RLF ULIWLQJ
´LQVHTXHQFHµWHFWRQLFV7ULFDUWHWDO7KHDFWXDORUGHURIVWDFNLQJIURPEDVHWR
WRSFRUUHVSRQGV WR WKHLU LQLWLDO:(SDOHRJHRJUDSKLFGLVWULEXWLRQ 7ULFDUWHWDO 
&ODXGHO
7KHVWUDWLJUDSK\RIWKH%ULDQoRQQDLVGRPDLQLVGHVFULEHGLQJUHDWGHWDLOLQWKH
OLWHUDWXUHVHH&ODXGHODQGUHIHUHQFHVWKHUHLQDQGPLJKWEHVXPPDUL]HGDVIROORZV
$'HYRQLDQWR&DUERQLIHURXVDJHVXEVWUDWXPLVRYHUODLQE\D0HVR]RLFDQG7HUWLDU\FRYHU
7KH0HVR]RLFVHULHVDUHGRPLQDQWO\FDOFDUHRXVDQGDUHRIWHQVHSDUDWHGIURPWKHLULQLWLDO
VXEVWUDWXPGXHWRGHFROOHPHQWZLWKLQWKH8SSHU6F\WKLDQHYDSRULWHIRUPDWLRQ:LWKLQWKH
ZHVWHUQ%ULDQoRQQDLVGRPDLQWKHIROORZLQJQDSSHVDUHFODVVLFDOO\GHVFULEHGLQOLWHUDWXUH
IURPEDVHWRWRSRIWKHQDSSHVWDFNWKH´5RFKH&KDUQLqUHµQDSSHWKH´&KDPSFHOODµ
QDSSHWKH´LHPHpFDLOOHµQDSSH7HUPLHUDQGWKH´3H\UH+DXWHµQDSSH
7KH ´5RFKH &KDUQLqUHµ QDSSH 7KLV QDSSH LV DOVR NQRZQ DV WKH IURQWDO
%ULDQoRQQDLV QDSSH ,W LVPDLQO\ H[SRVHG LQ WKH DUHD RI WKH %5*0 JHRORJLFDOPDS
´*XLOOHVWUHµ 'HEHOPDV HW DO  EHWZHHQ WKH7rWH G·2UpDF DQG5RFKH &KDUQLqUH
VXPPLWV)XUWKHUQRUWKWKLVQDSSHLVWHFWRQLFDOO\UHGXFHGWROHQVHVPDUNLQJWKHFRQWDFW
EHWZHHQ6XEULDQoRQQDLVDQG%ULDQoRQQDLVGRPDLQVLHEHORZWKH0RQWEULVRQPDVVLI
7KH ´&KDPSFHOODµ QDSSH7KLV QDSSH LV DOVR NQRZQ DV ´1DSSH GH OD7rWH
G·$YDO GXPDVVLI GH0RQWEULVRQµ DQG FRUUHVSRQGV WR WKH ´LqPH pFDLOOHµ GHÀQHG E\
7HUPLHU  DQG ODWHU LQYHVWLJDWHGE\*RJXHO   DQG'HEHOPDV 
,QWKHVRXWKHUQSDUWRIWKHLQYHVWLJDWHGDUHDWKLVQDSSHIRUPVWKH´*DXOHQWµNOLSSHDQG
LVIRXQGIXUWKHUHDVWEHWZHHQ*DXOHQWPDVVLIDQG&KDPSFHOODYLOODJH,QWKHQRUWKWKLV
QDSSHEXLOGVXSWKHPDMRUSDUWRIWKH0RQWEULVRQPDVVLIÀJ
7KH´LqPH pFDLOOHµ QDSSH7KLVQDSSH LV DOVRNQRZQ DV ´7rWHG·$PRQWGX
PDVVLIGH0RQWEULVRQµQDSSH,WOLHVKRUL]RQWDOO\RQWRSRIWKHEODFNÁ\VFKXQLWRIWKH
XQGHUO\LQJ´&KDPSFHOODQDSSHµDQGUHPDLQVUHODWLYHO\XQDIIHFWHGE\IROGLQJRULQWHUQDO
VOLFLQJ
7KH´ 3H\UH+DXWHµQDSSH7KLVQDSSHLVPDLQO\H[SRVHGZLWKLQWKHDUHDFRYHUHG
E\WKH´ *XLOOHVWUHµ%5*0JHRORJLFDOPDS'HEHOPDVHWDO,WLVHLWKHUWKUXVWRQWRS
RIWKHEODFNÁ\VFKRURQWRWKHVRFDOOHG´QHR&UHWDFHRXVµFDOFVFKLVWVRIWKHXQGHUO\LQJ
´LqPHpFDLOOHQDSSHµ1XPHURXVV\QULIWSDOHRQRUPDOIDXOWVDUHZHOOSUHVHUYHGZLWKLQ
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WKLVQDSSH
)LQDOO\LVRODWHGNOLSSHQRIFU\VWDOOLQHEDVHPHQWUHIHUUHGWRDV´LqPHpFDLOOHµ
7HUPLHU  FDQEH IRXQG7KHVHEDVHPHQWXQLWVZHOOYLVLEOH LQ WKHQRUWKHUQSDUW
RI WKH LQYHVWLJDWHGDUHDHDVWRI WKH5RFKHUGH O·<UHWVKHDU]RQHDUHHLWKHU LQWHUSUHWHG
DVUHPQDQWVRIVOLFHVIURPWKH$FFHJOLR]RQH'HEHOPDV/HPRLQH7HUPLHU
RUODUJHVFDOHROLVWROLWKV%DUIpW\HWDO
'HIRUPDWLRQKLVWRU\
5HOLFVRISUHDOSLQHRUHDUO\$OSLQHVWUXFWXUHVFDQEHREVHUYHGDWWKHVRXWKHDVWHUQ
ULPRI WKH3HOYRX[PDVVLI DOWKRXJK ODUJHO\RYHUSULQWHGE\ ODWHU$OSLQHGHIRUPDWLRQ
/RFDOO\ WKUHH$OSLQHGHIRUPDWLRQSKDVHV ''DQG' WKDWSRVWGDWHHDUO\$OSLQH
VWUXFWXUHVIRUPHGEHIRUHWKHGHSRVLWLRQRIWKH3ULDERQLDQDJHQXPPXOLWLFOLPHVWRQHFDQ
EHGHÀQHGDQGDUHEULHÁ\GHVFULEHGEHORZ
6KHDU VHQVH KDYH EHHQ GHGXFHG RQPHVRVFRSLF DQGPLFURVFRSLF VFDOH XVLQJ
FULWHULD SURSRVHG E\ 6LPSVRQ DQG 6FKPLG  3DVVFKLHU DQG 7URZ  LQ
FRPELQDWLRQZLWKWKHDSSOLFDWLRQRIWKHPRGHORIFDOFLWHWH[WXUHHYROXWLRQSUHVHQWHGLQ
FKDSWHURIWKLVWKHVLV
(DUO\$OSLQHVWUXFWXUHV
3UH3ULDERQLDQFRPSUHVVLYHGHIRUPDWLRQKDVEHHQUHFRJQL]HGLQVHYHUDOSODFHV
ZLWKLQWKH3HOYRX[PDVVLIHLWKHUDVLQYHUWHG0HVR]RLFJUDEHQV/D]DUUHHWDO6XH
HWDO/HPRLQHHWDORUDVWKUXVWLQJWKDWDIIHFWVWKHFU\VWDOOLQHEDVHPHQWDQG
LWV0HVR]RLFFRYHU)RUG7KH$LOHIURLGHV\QFOLQHÀJVDQGDWWKHHDVWHUQ
ULPRI WKH3HOYRX[PDVVLI LV LQWHUSUHWHGDVDQ LQLWLDOSDOHRJUDEHQ LQYHUWHGGXULQJ WKLV
HDUO\$OSLQHSKDVH/HPRLQHHWDODQGQH[WVHVVLRQ$FFRUGLQJWR/D]DUUHHWDO
6XHHWDO/HPRLQHHWDOLQYHUVLRQRFFXUUHGGXULQJWKH´3\UHQHR
3URYHQFDOµSKDVHRIGHIRUPDWLRQDOVRNQRZQDVWKH´HDUO\$OSLQHµVWDJH
7KLVHDUO\$OSLQHVWDJHFODVVLFDOO\GLYLGHGLQD3UH6HQRQLDQ7XURQLDQSKDVH
6LGGDQV'HEUDQG3DVVDUGHWDO)ODQGULQ'HEHOPDVIROORZHG
E\D/DWH&UHWDFHRXVWR/DWH(RFHQH3\UHQHDQ3URYHQoDOSKDVH)ODQGULQ*UDKDP
*RJXHO/HPRLQHSURGXFHGHDVWZHVWWUHQGLQJVWUXFWXUHVZHOOYLVLEOH
LQWKHWKLFN0HVR]RLFVHTXHQFHVRIWKH'LRLVDQG%DURQQLHVUHJLRQV*UDWLHUHWDO
6LGGDQV
7KHVWUXFWXUHVUHVXOWLQJIURPWKH3\UHQHDQ3URYHQFDOSKDVHDUHDOVRZHOOYLVLEOH
LQWKHUHFRQVWUXFWLRQPDSRIWKHVXEVWUDWHWRWKH7HUWLDU\IRUHODQGEDVLQGHSRVLWLRQIURP

&+$37(5
0ROFILE TRACE "
"g
0ROFILE TRACE !
!g
#IME DU 0AILLON
0IC DE Lg%YCHAUDA
,E -ONETIER LES BAINS
-ONTAGNE DES !GNEAUX
0IC DE Lg%YCHAUDA
2OCHER DE Lg9RET
$AUPHINOIS DOMAIN
0ENNINIC DOMAIN
3UBRIAN¥ONNAIS"RIAN¥ONNAIS
UNDIFFERENTIATED
*URASSIC COVER
.UMMULITIC SUCCESSION
0RIABONIAN	
4RIASSIC COVER
#OMBEYNOT  0EYRON DES #LAUX
BASEMENT UNIT
0ELVOUX CRISTALLINE
BASEMENT
0OLES TO FOLIATION
3TEREOPLOTS
3TRETCHING LINEATIONS
7.7 DIRECTED THRUSTS 24	
1
 KM
3"&
'4
2-
!3
-3
'3
"&
$ATA 2OMANCHE
VALLEY
$ATA 6ALLON DU
'RAND 4ABUC
$ATA 2AVIN DE LA
-ONTAGNOLLE
$ATA #RÐTE DES
'RANGETTES
$ATA 2AVIN DE LA
0LAINE DE 3T *EAN


 G
R
 GR
)LJXUH 6WUXFWXUDOPDS RI WKH HDVWHUQ ULP RI WKH3HOYRX[PDVVLI $6$LOHIURLGH V\QFOLQH %)
%ULDQoRQQDLVIURQW*6*UDQJHWWHVVOLFH*7*UDQG7DEXFYDOOH\060RQWDJQROOHVOLFH505DYLQGH
OD0RQWDJQROOHYDOOH\6%)6XEULDQoRQQDLVIURQW7KH&RPEH\QRW3H\URQGHV&ODX[XQLWLVFRQVLGHUHG
DVDVHSDUDWHEDVHPHQWVOLFHIRXQGLQDKLJKHUVWUXFWXUDOSRVLWLRQFRPSDUHGWRWKH3HOYRX[PDVVLIVHQVXV
VWULFWR6HHWH[WIRUGLVFXVVLRQ
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5DYHQQHHWDO7KHRYHUDOOVHQVHRIWUDQVSRUWGXULQJWKLVFRPSUHVVLRQDOSKDVHLV
WRSWRWKHQRUWK
$FFRUGLQJ WR)RUG  WKH ´3\UHQHDQµSKDVH LV UHVSRQVLEOH IRU WKH HDUO\
H[KXPDWLRQRIWKH3HOYRX[PDVVLI7KHFRQGHQVHG0HVR]RLFFRYHUVHULHVRI3HOYRX[DWWKH
´&UrWHGHV*UDQJHWWHVµÀJUHÁHFWWKLVHDUO\H[KXPDWLRQRIWKHPDVVLI*LGRQ
'HEHOPDVDQG.HUFNKRYH/HPRLQHHWDO0RUHRYHULQFUHDVLQJH[KXPDWLRQ
DQGHURVLRQRI0HVR]RLFVHULHVIURP WKH$UJHQWHUDPDVVLI LQ WKH6RXWK WR WKH3HOYRX[
PDVVLILQWKH1RUWKSURYLGHGDFRQWLQXRXVROGHUVXEVWUDWXPIRUWKH7HUWLDU\QXPPXOLWLF
WUDQVJUHVVLRQ+DXJ5DYHQQHHWDO
'VWUXFWXUHV
:KDWLVUHIHUUHGKHUHDV´'µFRUUHVSRQGVWRWKHÀUVWSKDVHRIGHIRUPDWLRQWKDW
DIIHFWHGWKH'DXSKLQRLVXQLWVDIWHUWKH´3\UHQHR3URYHQFDOSKDVHµGXULQJ2OLJRFHQHWR
(DUO\0LRFHQHWLPHV1RWHKRZHYHUWKDWLWFRUUHVSRQGVWRWKHWKLUGSKDVHDIIHFWLQJWKH
3HQQLQLF6XE%ULDQoRQQDLVDQG%ULDQoRQQDLVXQLWV VHHFRUUHODWLRQ WDEOH LQ&HULDQLHW
DO&HULDQL	6FKPLG,WLVWKHPDMRUGHIRUPDWLRQSKDVHHQFRXQWHUHGLQWKH
LQYHVWLJDWHGDUHDVLQFHLWLVUHODWHGWRWKHWKUXVWLQJDORQJWKH5RVHOHQGWKUXVW2OLJRFHQH
WR/RZHU0LRFHQHRXWRIVHTXHQFHWKUXVW&HULDQLHWDO%DVHGRQWKHFRQVWDQWO\
:1:GLUHFWHGNLQHPDWLFLQGLFDWRUVPHDVXUHGGLUHFWO\DORQJWHFWRQLFFRQWDFWVDVVRFLDWHG
ZLWKWKH5RVHOHQGWKUXVWDQGRUGHGXFHGIURPWKHDQDO\VLVRIFDOFLWHXOWUDP\ORQLWHVIRXQG
LQWKHLUGLUHFWIRRWZDOOVHHFKDSWHULWEHFRPHVFOHDUWKDWWKH57EHFRPHVDPDOJDPDWHG
ZLWK WKH IURQWDO WKUXVWRI WKH6XEULDQoRQQDLVXQLWVVRXWKRI WKH5RFKHUGH O·<UHWSHDN
ÀJVDQG7KHJHRORJ\RIWKH<UHWPDVVLIZLOOEHSUHVHQWHGLQPRUHGHWDLOV
ZKHQGHVFULELQJ WKHFURVV VHFWLRQV VHVVLRQ 7KH'DXSKLQRLVGRPDLQ UHGXFHG WR
VRPHKXQGUHGPHWHUVLQWKLFNQHVVVXIIHUHGH[WUHPHODPLQDWLRQDVDWWHVWHGE\LPSUHVVLYH
P\ORQLWLVDWLRQRI WKHQXPPXOLWLF OLPHVWRQH IRUPDWLRQ VHHFKDSWHU $OOVKHDUVHQVH
LQGLFDWRUVIRXQGLQWKLVDUHDLPPHGLDWHO\VRXWKRIWKHRQHLQYHVWLJDWHGE\&HULDQLHWDO
VKRZDWRSWR:1:VHQVHRIVKHDULQJ
)XUWKHU VRXWK WKH 57 WKHQ MRLQV WKH EDVDO FRQWDFW RI WKH 5RFKH &KDUQLqUH
XQLWEHORZ WKH´7rWHG·2UpDFµ VXPPLWDW WKHHQWUDQFHRI WKH)RXUQHOYDOOH\ ÀJV 
DQG7KHXQGHUO\LQJ&KDPSVDXUVDQGVWRQHVGLSSLQJSDUDOOHO WR WKH57 VHHFURVV
VHFWLRQGHVFULSWLRQGHYHORSVDSHQHWUDWLYHIROLDWLRQZHOOYLVLEOHDWWKHFRQWDFWZLWKWKH
XQGHUO\LQJ*ORELJHULQDPDUOVXQLW7KHXSSHUSDUWRIWKH3ULDERQLDQ*ORELJHULQDPDUOV
RIWHQVKRZVDÀUVWVFKLVWRVLW\6WKDWLVVXESDUDOOHOWRWKH6EHGGLQJSODQHVRIWKHVH
VDQGVWRQHOHYHOVÀJ,QWKLQVHFWLRQLWDSSHDUVWKDW6LVFRPSRVHGE\DOWHUQDWLQJ
FRDUVHOD\HUVIRUPHGE\FDOFLWHFU\VWDOVDQGPRUHGHWULWLFDOOHYHOV:HLQWHUSUHWWKLV6

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)LJXUH 0HVRDQGPLFURVFRSLF VKHDU VHQVH LQGLFDWRUV IRXQGDORQJ VWULNHRI WKH5RVHOHQG
WKUXVW DQG LQGLFDWLQJ WRS:1: GLUHFWHGPRYHPHQWV VDPSOHV DQG RXWFURSV IURP WKH5RFKHU
GH O·<UHWVKHDU]RQH DDQGE WKH2UpDFPDVVLI FDQGG WKH%ULDQoRQQDLVIURQWVRXWKRI WKH
5pRWLHUORFDOLW\HDQGIDQGWKH6XEULDQoRQQDLVIURQWDWWKHUHDURIWKH$UJHQWHUDPDVVLIJDQGK
UHVSHFWLYHO\1RUPDOWKLQVHFWLRQVPLFURPHWHUVWKLFNQHVVREVHUYHGXQGHUFURVVHGSRODUL]HUV
7KHPDFURVFRSLFIROLDWLRQ6DLVKRUL]RQWDO
$GHWDLOHGYLHZRIDV\PPHWULFDOO\ERXGLQDJHGFDOFLWHYHLQVLVJLYHQLQEDQGK
3KRWRPLFURJUDSKV RI GLIIHUHQW FDOFLWLFPDUEOHV VKRZLQJ DV\PPHWULF FDOFLWH SUHVVXUH IULQJHV
GHYHORSHG DW WKH ULP RI GHWULWDO TXDUW] JUDLQV D F DQG H DQG REOLTXH JUDLQ VKDSH SUHIHUUHG
RULHQWDWLRQ6EZLWKLQWKHG\QDPLFDOO\UHFU\VWDOOLVHGPDWUL[GIDQGJ
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
OD\HULQJWRKDYHUHVXOWHGIURPSUHVVXUHVROXWLRQDQGUHGHSRVLWLRQSURFHVVHVGHYHORSHG
GXULQJWKH'GHIRUPDWLRQSKDVH
+HQFHWKLVFRQÀUPVWKHK\SRWKHVLVSURSRVHGE\&HULDQLHWDOSURSRVLQJ
WKDWWKH57MRLQVWKH%ULDQoRQQDLVIURQW%)DVGHÀQHGE\7ULFDUWIXUWKHU
WRWKHVRXWKDQGDWWKHUHDURIWKH(PEUXQDLV8ED\HQDSSHVWDFNJLYHQWKHLPSUHVVLYH
DPRXQWRIGHIRUPDWLRQRI WKH IURQWDO%ULDQoRQQDLVXQLWV VXFKDV IRUH[DPSOHDW WKH
5pRWLHU ORFDOLW\ ÀJ  DQG VHH FKDSWHU $OO VKHDU VHQVH LQGLFDWRUV IRXQG LQ FORVH
YLFLQLW\RIWKH%ULDQoRQQDLVIURQWVRXWKRIWKH5pRWLHUORFDOLW\DUHFRQVLVWHQWZLWK:1:
(6(GLUHFWHGWUDQVSRUWÀJ
)XUWKHUWRWKHVRXWKZHSURSRVHWKDWWKH57SURSDJDWHVLQWRWKH´FRPSOH[HGH
EDVHµ.HUFNKRYHXQLWRIWKH(PEUXQDLV8ED\HÁ\VFKVHULHVLQWKHRYHUWXUQHGOLPE
RIDPHJDIROGZKLFKIRUPHG WKH LPPHGLDWHIRRWZDOORI WKH57 LQRUGHU WRÀQDOO\ MRLQ
DJDLQWKHIURQWRIWKH%ULDQoRQQDLVDQG6XEULDQoRQQDLVXQLWVDWWKHQRUWKHDVWHUQULPRIWKH
$UJHQWHUDPDVVLIVHHÀJXUH,QGHHGVKHDUEDQGVGLVVHFWLQJDFDOFDUHRXVÁ\VFKXQLWRI
WKH6XEULDQoRQQDLVGRPDLQLQGLFDWH:1:GLUHFWHGVHQVHRIWUDQVSRUWDIHDWXUHFRQÀUPHG
E\DV\PPHWULFDOO\ERXGLQDJHGFDOFLWLFYHLQVIRXQGLQP\ORQLWHVRI6XEULDQoRQQDLVRULJLQ
ÀJ$VVHHQRQWKHVWHUHRSORWVSUHVHQWHGLQÀJXUHDOOPHDVXUHG'VWUHWFKLQJ
0ELLITE RICH BEDS
#ALCITIC BEDS
3
3
3 HORIZONTAL
 CM
)LJXUH3KRWRPLFURJUDSKVRIDKDQGVSHFLPHQWDNHQIURPWKHJORELJHULQDPDUOVOHYHOLQWKH)RXUQHO
YDOOH\2YHUSULQWLQJUHODWLRQVKLSVRID'IROLDWLRQUHODWHGWRWKHWRS:1:GLUHFWHGWKUXVWLQJSKDVHE\'
IROGLQJOLQNHGZLWKWRS6:GLUHFWHGWUDQVSRUWVDUHREVHUYHG
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OLQHDWLRQVDUHQHDUO\KRUL]RQWDO7KHFRUUHVSRQGLQJIROLDWLRQSODQHVDUHKRZHYHUDOZD\V
IRXQG LQ D VWHHSRULHQWDWLRQ7KLV LQGLFDWHV WKDW WKHGLVSODFHPHQW DORQJ WKLV VWUXFWXUH
SUHGRPLQDQWO\WRRNSODFHE\VLQLVWUDOVWULNHVOLSZLWKLQDGHIRUPDWLRQ]RQHDWWKHUHDURI
WKH$UJHQWHUDPDVVLIDVDOUHDG\GRFXPHQWHGE\/DXEVFKHU *XLOODXPH 
5LFRX/HIHYUHVRFDOOHG´ &RXORLUGHOD6WXUDµRI5LFRXDQG6LGGDQV
*LJOLD7KLVVLQLVWUDOVHQVHRIVKHDUKDVEHHQLQGHSHQGHQWO\FRQÀUPHGE\PLFURIDEULF
DQDO\VLVRIFDOFLWHXOWUDP\ORQLWHVRI%ULDQoRQQDLVRULJLQSUHVHQWHGLQFKDSWHU
'VWUXFWXUHV
7KLV VHFRQGPDMRU GHIRUPDWLRQ SKDVH UHFRUGHGZLWKLQ WKH LQYHVWLJDWHG DUHD
UHVXOWVLQ6:GLUHFWHGPRYHPHQWVWKDWRYHUSULQWWKHWRS:1:'GHIRUPDWLRQIHDWXUHV
DQGZKLFKDUHPLVVLQJQRUWKRIWKH3HOYRX[PDVVLI*RLQJVRXWKZDUGHYLGHQFHRIWRS
6:GHIRUPDWLRQLVIRXQGIRUWKHÀUVWWLPHLQWKHHDVWHUQVORSHVRIWKH0RQWEULVRQPDVVLI
NLORPHWUHVVRXWKRIWKH5RFKHUGHO·<UHWÀJ+HUHWKHH[WHUQDO3HQQLQLFXQLWVDUH
FOHDUO\GLVVHFWHGE\WZRVXEYHUWLFDOWHFWRQLFFRQWDFWVWKDWEULQJWKHHQWLUH6XEULDQoRQQDLV
DQG%ULDQoRQQDLVGRPDLQVLQWRGLUHFWFRQWDFWZLWKWKH3ULDERQLDQGHWULWDOÁ\VFK7KHVH
VWUXFWXUHVHYLGHQFHGE\*LGRQ%UDYDUGDQG*LGRQFOHDUO\UHSUHVHQW
GH[WUDOVWULNHVOLS IDXOWV WKDWRIIVHW WKH57DQGZKLFKGLHRXW LQ WKH&KDPSVDXUÁ\VFK
ÀJ)XUWKHUVRXWKDQRWKHUGH[WUDORIIVHWKDVDOVREHHQUHFRJQL]HGDWWKHHQWUDQFH
RI'RUPLOORXVHYDOOH\*LYHQ WKH1(6:RULHQWDWLRQRI WKHVHVWULNHVOLSIDXOWVDQG WKH
GH[WUDORIIVHWRI WKH LQWHUQDOXQLWV LQGXFHGE\ WKHLUDFWLYLW\ WKH\ LQGLFDWHDVRXWKZDUG
LQFUHDVLQJDPRXQWRIWRS6:GLUHFWHGGLVSODFHPHQWV,QVXPPDU\WKLVDUHDGRFXPHQWV
DODWHURYHUSULQWRIWKH5RVHOHQGWKUXVWIRUPHGGXULQJWKH'GHIRUPDWLRQSKDVHE\'
VWUXFWXUHVUHODWHGWRWRS6:GLUHFWHGWUDQVSRUW
6:GLUHFWHG WKUXVWLQJ DVVRFLDWHG ZLWK WKH DERYH GHVFULEHG VWULNHVOLS
PRYHPHQWVLVUHFRUGHGZLWKLQWKHEDVDOGHFROOHPHQWOHYHORIWKH7HUWLDU\FRYHUQLFHO\
H[SRVHG LQ)RXUQHO DQG'RUPLOORXVHYDOOH\V ÀJ 8QDPELJXRXV WRS6:GLUHFWHG
VKHDUEDQGV%VWUXFWXUHVRI%UJLVVHUDUHZLGHVSUHDGÀJDQGDVWURQJ6:
1(RULHQWHGPLQHUDO OLQHDWLRQ LVGHYHORSHGZLWKLQ WKHSODQHVRIDSHQHWUDWLYHIROLDWLRQ
DIIHFWLQJ WKHJORELJHULQDPDUOV,Q WKLQVHFWLRQDV\PPHWULFFDOFLWHDQGRUTXDUW]ÀOOHG
SUHVVXUHVKDGRZVGHYHORSHGDURXQGS\ULWHFU\VWDOVFOHDUO\LQGLFDWHDWRSWR6:GLUHFWHG
VKHDUÀJ
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3TEREOPLOTS
3TRETCHING LINEATIONS
)LJXUH0HVRDQGPLFURVFRSLFVKHDUVHQVHLQGLFDWRUVIRXQGZLWKLQWKHEDVDOGHFROOHPHQW
OHYHORIWKH7HUWLDU\VHGLPHQWDU\VXFFHVVLRQLQERWKWKH)RXUQHOFGDQG'RUPLOORXVHDE
HDQGIYDOOH\V7KHLQIHUUHGVHQVHRIWUDQVSRUWLVWRS6:VHHVWHUHRSORWV$OOWKLQVHFWLRQV
DUHFXWSHUSHQGLFXODUWRWKHPDFURVFRSLFIROLDWLRQKRUL]RQWDOLQÀJXUHVFGHDQGIDQG
REVHUYHGXQGHUFURVVHGSRODUL]HUV
DDV\PPHWULFDOO\ERXGLQDJHGFDOFLWLFYHLQV
EWRS6:GLUHFWHGVKHDUEDQGVGLVVHFWLQJWKHJORELJHULQDPDUOIRUPDWLRQ
FGDQGHDV\PPHWULFFDOFLWHSUHVVXUH IULQJHVGHYHORSHGDW WKH ULPRIGHWULWDOTXDUW]
JUDLQV
IREOLTXHJUDLQVKDSHSUHIHUUHGRULHQWDWLRQ6EREVHUYHGZLWKLQDQHQWLUHO\UHFU\VWDOOL]HG
QXPPXOLWLFOLPHVWRQHVSHFLPHQ

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(YLGHQFHV IRU6:GLUHFWHGPRYHPHQWVRYHUSULQWLQJ HDUOLHU WRS1:GLUHFWHG
'VWUXFWXUHVKDYHEHHQIRXQGDWWKHFRQWDFWEHWZHHQJORELJHULQDPDUOVDQG&KDPSVDXU
Á\VFK)LJXUHSURYLGHVPLFURVWUXFWXUDOHYLGHQFHUHJDUGLQJVXFKRYHUSULQWLQJVWUXFWXUHV
UHOLFWVRIFDOFLWHSUHVVXUHIULQJHVGHYHORSHGDWWKHULPRIS\ULWHFU\VWDOVPDWHULDOL]HDQROG
11:66(RULHQWHG'OLQHDWLRQRYHUSULQWHGE\ODWHU'1(6:RULHQWHGVWULDWLRQV$
VXSHUSRVLWLRQRI'GHIRUPDWLRQIHDWXUHVRQHDUOLHU'VWUXFWXWHVLVDOVRREVHUYDEOHLQ
ÀJXUH7KH6D[LDOSODQDUFOHDYDJHRIFKHYURQW\SHIROGVVXFKDV WKRVHIRXQG LQ
WKH)RXUQHOYDOOH\FOHDUO\RYHUSULQWVDQHDUOLHUFRPSRVLWH6IROLDWLRQUHODWHGWR'
WKUXVWLQJ
:HFRQFOXGHWKDWWKHIROGLQJRIWKH&KDPSVDXUÁ\VFKFRYHUDWWKHVRXWKHDVWHUQ
ULPRIWKH3HOYRX[PDVVLIZDVLQGXFHGE\WKHRQVHWRI6:GLUHFWHGVKHDULQJ7KHDPRXQWV
RIGLVSODFHPHQWDFFRPPRGDWHGE\IROGLQJRIWKH7HUWLDU\FRYHULQFUHDVHIURPQRUWKWR
VRXWK7KLVLVUHÁHFWHGE\DQHYROXWLRQRIIROGLQJVW\OHIURPRSHQW\SHIROGVDWWKHHDVWHUQ
VORSHVRIWKH/D%ODQFKHPDVVLINLORPHWUHVHDVWRI0RQWEULVRQPDVVLIWRFKHYURQW\SH
IROGV LQ WKH)RXUQHO DQG'RUPLOORXVHYDOOH\V ÀJ 7KLV LQFUHDVH LQ VKRUWHQLQJ LV
FRPSDWLEOHZLWKDQGLQGXFHGE\WKHDFWLYLW\RIWKHGH[WUDOVWULNHVOLS]RQHVGLVVHFWLQJWKH
57VHHDERYH7KLVVWULNHVOLSQHWZRUNWKHUHIRUHDFWVDVDWUDQVIHU]RQHDOORZLQJIRU
GHFRXSOLQJRIWKHGRPDLQQRUWKRIWKH3HOYRX[DUHDIURPDGRPDLQVRXWKRIWKLVPDVVLI
6WUXFWXUHVUHODWHGWR6:GLUHFWHGPRYHPHQWVKDYHRQO\EHHQIRXQGZLWKLQWKH
'DXSKLQRLVGRPDLQ7KH\SRVWGDWHWKHWKUXVWLQJRIWKH%ULDQoRQQDLVDQG6XEULDQoRQQDLV
XQLWVDORQJWKH57
([FHSW IRU VWULNH VOLS IDXOWLQJ DIIHFWLQJ WKH5RFKH &KDUQLqUH DQG &KDPSFHOOD
%ULDQoRQQDLVH[WHUQDOQDSSHVQRHYLGHQFHRI'KDVEHHQIRXQGZLWKLQWKH%ULDQoRQQDLV
GRPDLQ,QVWHDGWKHLQWHUQDO%ULDQoRQQDLVVRXWKRI3HOYRX[LVDIIHFWHGE\PDMRUEDFNIROGV
DQGEDFNWKUXVWVWKDWSOD\DQLPSRUWDQWUROHLQWKHRYHUDOOVWUXFWXUHRIWKLVGRPDLQ7KH\
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
FRUUHVSRQGWRWKHODWH´ 7HFWRQLTXH,9µSKDVHGHVFULEHGE\7ULFDUW$FFRUGLQJ
WRWKHPRGHORI7ULFDUWWKHVHEDFNIROGVDQGEDFNWKUXVWVLQGLFDWHRYHUDOO1(
GLUHFWHGVKRUWHQLQJ,W LV LPSRUWDQW WRQRWH WKDW WKHDPRXQWVRI1(GLUHFWHGVKRUWHQLQJ
ZLWKLQWKHLQWHUQDO%ULDQoRQQDLVGRPDLQDOVRLQFUHDVHIURPWKHQRUWKDQGWRZDUGVWKHDUHD
VRXWKRIWKH3HOYRX[PDVVLI7KHVHPRYHPHQWVSURJUHVVLYHO\GLHRXWLQWKH'DXSKLQRLV
GRPDLQ7KH\DUHUHVSRQVLEOHRINLQNW\SHVWUXFWXUHVIRUPDWLRQIRXQGDORQJVWULNHRIWKH
57 VHHÀJXUH,QVXPPDU\ERWK'DQG WKLV´7HFWRQLTXH,9µEDFNIROGLQJSKDVH
VKRZWKHIROORZLQJFKDUDFWHULVWLFVDPRXQWVRIWRS6:GLVSODFHPHQWLQFUHDVHWRZDUGV
WKH VRXWK DQG DUHQRW UHFRUGHGQRUWKRI WKH3HOYRX[PDVVLI ' VWUXFWXUHV H[KLELW
RSSRVLWHVHQVHVRIWUDQVSRUW'SRVWGDWHVWKHDFWLYLW\DORQJWKH57WKDWZDVDFWLYH
GXULQJ2OLJRFHQH)JHQVFKXKDQG6FKPLG
,W LV WHPSWLQJ WR UHODWHSDUWRI WKH´7HFWRQLTXH ,9µSKDVH 7ULFDUW 
VWUXFWXUHV WR WKHRQHV IRUPHGGXULQJ'DW OHDVW LQ WKH LPPHGLDWHYLFLQLW\RI WKH57
(DVWZDUG GLUHFWHGPRYHPHQWV DUH LQGHHG PHFKDQLFDOO\ QHFHVVDU\ DW WKH UHDU RI WKH
DFFUHWLRQQDU\SULVPDVVRFLDWHGZLWK'WRS6:WUDQVSRUWWKHGLYLGHEHWZHHQIRUHDQG
UHWURVKHDULQJEHLQJFHQWHUHGDORQJWKHIRUPHU57
'VWUXFWXUHV
1RUPDOIDXOWVUHODWHGWRWKH'XUDQFHIDXOWV\VWHP+LJK'XUDQFH)DXOWHG=RQH
7ULFDUW DUH WKH ODWHVWGHIRUPDWLRQ IHDWXUHV IRXQG LQ WKH LQYHVWLJDWHGDUHD7KHVH
VWUXFWXUHVÀUVWGHVFULEHGE\'HEHOPDVKDYHEHHQODWHULQWHQVLYHO\VWXGLHGE\6XHHW
DO6XHDQG7ULFDUW7ULFDUW7ULFDUWHWDO7KHVH
QRUPDOIDXOWVDUHQRWDEO\UHVSRQVLEOHIURPDVWURQJJHRWKHUPDOJUDGLHQWDQGVHLVPLFLW\
UHFRUGHGDORQJWKH'XUDQFHYDOOH\
7KHWLPLQJRIWKHRQVHWRIQRUPDOIDXOWLQJDOVRUHFRUGHGQRUWKRI3HOYRX[UHPDLQV
DPDWWHURIGHEDWHLQOLWHUDWXUH)JHQVFKXKHWDO)JHQVFKXKDQG6FKPLG
EDVHGRQUHVXOWVIURPÀVVLRQWUDFNDQDO\VLVDUJXHWKDWWKLVQRUPDOIDXOWLQJSKDVHLVYHU\
UHFHQWLQDJHLHSRVWP\DQGWKDWLWLVOLQNHGWRWKHÀQDOH[KXPDWLRQRIWKHH[WHUQDO
FU\VWDOOLQHPDVVLIV7ULFDUWHWDORQWKHRWKHUKDQGSURSRVHWKDWQRUPDOIDXOWLQJ
LVDFWLYHVLQFH(DUO\0LRFHQHWLPHVDQGFRUUHVSRQGVWRDQLQYHUVLRQRIWKH3HQQLQLFIURQW
LH57SRVVLEO\LQGXFHGE\VODEGHWDFKPHQWSURFHVVHVEHORZWKH%ULDQoRQQDLVGRPDLQ
6XHHWDO
:HFRQÀUPWKHSUHVHQFHRILPSUHVVLYHRIIVHWVIRXQGLQWKHIURQWDO6XEULDQoRQQDLV
DQG%ULDQoRQQDLVXQLWVDVGHVFULEHGE\7ULFDUWHWDO6XHDQG7ULFDUW7KHVH
DUHDOVRHYLGHQFHGLQWKHFURVVVHFWLRQVGLVFXVVHGODWHU+RZHYHUZHGLGQRWREVHUYHD
FRPSOHWHLQYHUVLRQRIWKH3HQQLQLFIURQWLHWKH57DVSURSRVHGE\7ULFDUW$OO

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)LJXUH([DPSOHVRIVWUXFWXUHVVKRZLQJ(WR1(GLUHFWHGPRYHPHQWV6KRZQDUHNLQNEDQGVWUXFWXUHV
DIIHFWLQJDVFKLVWRVHIRUPDWLRQVRIWKH6XEULDQoRQQDLVFDOFDUHRXVÁ\VFKIURPWKHHQWUDQFHRIWKH)RXUQHO
YDOOH\EWKHH[WHUQDO%ULDQoRQQDLVFDOFVKLVWVXQLWVEHORZWKH*DXOHQWPDVVLIDQGFWKHHDVWHUQWHUPLQDWLRQ
RIWKH(PEUXQDLV8ED\HQDSSHVWDFNEHWZHHQ*DXOHQWDQG5RFKH&KDUQLqUHVXPPLWV
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NLQHPDWLFLQGLFDWRUVDORQJWKH57FRQVLVWHQWO\VKRZ:1:GLUHFWHGVHQVHRIWUDQVSRUW
0RVWRIWKHVHQRUPDOIDXOWVDUHIRXQGWRWKHHDVWRIWKH57DQGKHQFHWKH\GRQRWUHDFWLYDWH
WKH57GLUHFWO\7KHVWUHWFKDVVRFLDWHGZLWKWKLVQRUPDOIDXOWLQJLVPRGHVWDPRXQWLQJWR
DERXWRQHNLORPHWUHDVLQIHUUHGIURPWKHFURVVVHFWLRQV
7HFWRQLFHYROXWLRQRIWKH(PEUXQDLV8ED\HQDSSHVWDFN
,Q WKLVSDUDJUDSKZHSUHVHQWDVWUXFWXUDODQDO\VLVRI WKH´VFKLVWHVjEORFVµXQLW
.HUFNKRYHIRXQGDWWKHEDVHRIWKH(PEUXQDLV8ED\HQDSSHV7KLVDQDO\VLVDLPV
WRFODULI\WKHVHQVHRIHPSODFHPHQWRIWKHVHLQWHUQDOO\GHULYHGQDSSHVRQWRWKH'DXSKLQRLV
GRPDLQVLQFHQRJHQHUDODJUHHPHQWLVIRXQGLQWKHOLWHUDWXUH$FFRUGLQJWR/DZVRQ
)U\5LW]/LFNRULVKDQG)RUG%UJLVVHUWKUXVWLQJRIWKHVH
LQWHUQDOO\GHULYHGQDSSHVRQWRWKH'DXSKLQRLVGRPDLQRFFXUUHGLQDWRS6:GLUHFWLRQ
0HUOHDQG%UXQEDVHGRQDQLQFUHPHQWDOVWUDLQDQDO\VLVRITXDUW]DQGFDOFLWHÀEUH
JURZWKLQYHLQVDQGSUHVVXUHVKDGRZVKRZHYHUFRQVLGHUHGDSURJUHVVLYHWUDQVODWLRQSDWK
IURPLQLWLDOWRS1:GLVSODFHPHQWVWRZDUGVWRS6:GLVSODFHPHQWVUHODWHGWRJUDYLWDWLRQDO
FROODSVH (DUO\ WRS1: HPSODFHPHQW RI WKH (PEUXQDLV 8ED\H QDSSH VWDFN KDV EHHQ
SURSRVHGE\.HUFNKRYHDVZHOO2XUÀQGLQJVGHVFULEHGEHORZZLOOEHLQWHJUDWHG
LQWR WKHGHVFULSWLRQRI FURVV VHFWLRQV LQ D ODWHU VHFWLRQ WKDWSURSRVHV DPRGHO IRU WKH
WHFWRQLFHYROXWLRQRIWKHUHJLRQ
:HLQYHVWLJDWHGWKH´VFKLVWHVjEORFVµIRUPDWLRQLQJUHDWGHWDLODWWZRGLIIHUHQW
ORFDOLWLHVQDPHO\ DW WKH2UFLqUHV ORFDOLW\ VHHÀJXUHV  DQG  DQG DW WKH &ROGH
OD%RQQHWWHDERXW NLORPHWUHV IXUWKHU WR WKH VRXWK VHHÀJXUH 7KH´VFKLVWHVj
EORFVµXQLWVKRZVWKHW\SLFDOFKDUDFWHULVWLFVRIDQROLVWRVWURPHIRUPDWLRQZLWKSOXULPHWULF
WRFHQWLPHWULFEORFNVRIGLIIHUHQW OLWKRORJLFDOFRPSRVLWLRQDQGSDOHRJHRJUDSKLFRULJLQ
HPEHGGHGLQDÀQHJUDLQHGEODFNPDUO\PDWUL[7KHHPEHGGHGEORFNVDUHRIWHQVWULDWHG
DWWKHLUVXUIDFHRUWKH\FDUU\FDOFLWLFSUHFLSLWDWHVERWK:1:RULHQWHGDQGNLQHPDWLFDOO\
UHODWHG WR WKHPDLQPDFURVFRSLF IROLDWLRQ ÀJ 6KHDU VHQVHFULWHULDDUHJLYHQE\
VLJPDFODVWVRUFHQWLPHWULFVKHDUEDQGVIRXQGLQWKHPDUO\PDWUL[%RWKVWUXFWXUHVLQGLFDWH
WRS:1:GLVSODFHPHQW
$WERWKORFDOLWLHVLQYHVWLJDWHGLQGHWDLOWKH´ VFKLVWHVjEORFVµIRUPDWLRQLVGLVVHFWHG
E\DIDXOWQHWZRUNZKLFKLVFOHDUO\GLVFRUGDQWWRWKHPDLQPDFURVFRSLFIROLDWLRQ7KHIDXOW
SODQHVFRPPRQO\ÀOOHGE\ZKLWHFDOFLWLFSUHFLSLWDWHVFDUU\VWULDWLRQVLQGLFDWLQJWRS6:
GLUHFWHGGLVSODFHPHQWV ÀJ7KHVH ODWHEULWWOHVWUXFWXUHVFRQWUDVWZLWK WKHRYHUDOO
GXFWLOHGHIRUPDWLRQUHJLPHUHFRUGHGHYHU\ZKHUHHOVHLQWKH´VFKLVWHVjEORFVµDQGWKH\
FDQQRWEHIROORZHGLQFRQWLQXLW\RYHUGLVWDQFHVRIPRUHWKDQWHQPHWHUV
,W LV HYLGHQW WKDW WKH ´VFKLVWHV j EORFVµ XQLW XQGHUZHQW D ÀUVW:1:GLUHFWHG

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)LJXUHDE'UHODWHGPDFURDQGPLFURVFRSLFVKHDUVHQVHV LQGLFDWRUVREVHUYHGZLWKLQ WKH
´VFKLVWHVjEORFVµIRUPDWLRQ.HUFNKRYHDWWKH2UFLqUHVDQG&ROGHOD%RQQHWWHORFDOLWLHV7KH
WUDQVSRUWGLUHFWLRQLVWRSWR:1:VHHVWHUHRSORWVDVLJPDFODVWVWUXFWXUHGHYHORSHGDWWKHULPRID
FDOFDUHRXVERXOGHUZLWKLQDEODFNPDUO\PDWUL[EDV\PPHWULFFDOFLWHSUHVVXUHIULQJHVGHYHORSHGDW
WKHULPDGHWULWDOTXDUW]JUDLQ
FG' UHODWHG VKHDUEDQGVGLVVHFWLQJ WKHZKROH´VKLVWHVjEORFVµ IRUPDWLRQ .HUFNKRYH 
DW 2UFLqUHV F DQG &RO GH OD %RQQHWWH G ORFDOLWLHV$OO VWUXFWXUDO GDWD LQGLFDWH WRS6: GLUHFWHG
PRYHPHQWVVHHVWHUHRSORWV
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WKUXVWLQJ HSLVRGH IROORZHG E\ WRS6: GLUHFWHG PRYHPHQWV $V D FRQVHTXHQFH ZH
SURSRVHWKDWWKHLQLWLDOHPSODFHPHQWGLUHFWLRQRIWKH(PEUXQDLV8ED\HQDSSHVWDFNRQWR
WKH 'DXSKLQRLV GRPDLQZDV:1:GLUHFWHG DV DOUHDG\ SURSRVHG E\0HUOH DQG %UXQ
DQG.HUFNKRYH
'HVFULSWLRQRIFURVVVHFWLRQV
)LYHFURVVVHFWLRQVUXQQLQJIURPWKHH[WHUQDO%ULDQoRQQDLVXQLWVWRWKH'DXSKLQRLV
GRPDLQDQGLQFOXGLQJWKHHDVWHUQWHUPLQDWLRQRIWKH(PEUXQDLV8ED\HQDSSHVWDFNDUH
SUHVHQWHGLQÀJXUH
7KHVHVHFWLRQVZLOOEHXVHGLQRUGHUWREHWWHUFRQVWUDLQWKHRYHUDOOJHRPHWU\RIWKH
LQYHVWLJDWHGDUHDDQGWRYLVXDOL]HWKHVXSHUSRVLWLRQRIWKHWKUHHPDLQGHIRUPDWLRQSKDVHV
SUHVHQWHGDERYH
&URVVVHFWLRQV$$·DQG%%·
7KHVH WZRFURVVVHFWLRQV LOOXVWUDWHVWUXFWXUHVDW WKHHDVWHUQ ULPRI WKH3HOYRX[
PDVVLISUHYLRXVO\LQYHVWLJDWHGE\*LGRQ*LGRQDQG9HUQHW
%UDYDUGDQG*LGRQ9HUQHW$VGHSLFWHGLQÀJXUH
WKHVHFURVVVHFWLRQVDUHSHUSHQGLFXODUWRWKH1(6:VWULNHRIWKHVRFDOOHG3H\URQGHV
&ODX[VOLFHDQGWKH$LOHIURLGHV\QFOLQHVWUXFWXUH:HZLOOÀUVWGHVFULEHSURÀOH$$·VLQFH
LWUHSUHVHQWVDVWUXFWXUDOO\GHHSHUOHYHOLQUHVSHFWWRFURVVVHFWLRQ%%·GXHWRWKHD[LDO
SOXQJHWRZDUGVWKHVRXWK
)LJXUH'HWDLOHGFURVVVHFWLRQVDFURVVWKHHDVWHUQULPRIWKH'DXSKLQRLVGRPDLQDQGWKHPRVWH[WHUQDO
6XEULDQoRQQDLV%ULDQoRQQDLVXQLWVVHHÀJXUHIRUWUDFHVRISURÀOHV
7KHGLIIHUHQFHLQWKHRULHQWDWLRQRIFURVVVHFWLRQV$$·DQG%%·LQUHVSHFWWRFURVVVHFWLRQV''·DQG(
(·LVGXHWRWKHIDFWWKDWWKHPDLQWUDQVSRUWGLUHFWLRQWKDWSUHGRPLQDQWO\VKDSHGWKHFURVVVHFWLRQVZLWKLQ
WKH'DXSKLQRLVGRPDLQFKDQJHVIURPQRUWKWRS1:'WKUXVWLQJWRVRXWKWRS6:'WKUXVWLQJRIWKH
LQYHVWLJDWHGDUHD
DFURVVVHFWLRQ$$·
EFURVVVHFWLRQ%%·
FFURVVVHFWLRQ&&·
GFURVVVHFWLRQ''·
HFURVVVHFWLRQ((·

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&URVVVHFWLRQ$$·ÀJD
7KHQRUWKZHVWHUQSDUWRIWKLVVHFWLRQUHSUHVHQWVWKH0HVR]RLFVHGLPHQWDU\VHULHV
IRXQGZLWKLQWKH$LOHIURLGHV\QFOLQHÀJVDQGLQGHWDLO7KHZHVWHUQULPRIWKLV
V\QIRUPLVODUJHO\RYHUSULQWHGE\DVWHHSODWHQRUPDOIDXOWWKDWLVSDUWRIWKH6HOOHIDXOW
V\VWHP %UJLVVHU G\LQJRXW WRZDUGV WKHQRUWK DQG LQFUHDVLQJ VRXWKZDUGVZLWK
D WRWDOGRZQWKURZRIDERXW PHWUHVDFFRUGLQJ WR%UJLVVHU 7KH0HVR]RLF
VHULHVDUHIROGHGZLWKLQDV\QFOLQDOVWUXFWXUHZLWK-XUDVVLFVHULHVLQWKHFRUHDQG7ULDVVLF
FRQJORPHUDWHV DW WKH ULP 7KHVH 7ULDVVLF VHGLPHQWV OLH RQ D SUHVHUYHG VHGLPHQWDU\
FRQWDFWEHORZWKH3H\URQGHV&ODX[EDVHPHQWVOLFHLQGLFDWLQJWKDWWKHHDVWHUQOLPERI
WKH$LOHIURLGHV\QFOLQHLVLQYHUWHG7KLVLQYHUVLRQFDQQRWEHDWWULEXWHGWRDFWLYLW\DORQJ
WKH57IRXQG LPPHGLDWHO\ WR WKHVRXWKHDVWDV LVHYLGHQFHGE\ LQWHQVLYHO\P\ORQLWLVHG
VWUDWDWKDWFDUU\D16VWUHWFKLQJOLQHDWLRQZLWKWRSWRWKHQRUWKNLQHPDWLFVW\SLFDOIRUWKH
3\UHQHDQ3URYHQFDOSKDVHUDWKHUWKDQIRUWRS:1:WKUXVWLQJDVVRFLDWHGZLWKDFWLYLW\
DORQJWKH57
:HSURSRVHWKDWWKH$LOHIURLGHV\QFOLQHUHSUHVHQWVDIRUPHUSDOHRJUDEHQLQYHUWHG
GXULQJWKLVHDUO\DOSLQHVWDJHLHEHIRUHWKHQXPPXOLWLFWUDQVJUHVVLRQ7KHPDSWUDFHRI
WKHFRUUHVSRQGLQJ3\UHQHDQWKUXVWLVRQO\SUHVHUYHGIXUWKHUQRUWKLQWKHHDVWHUQVORSHVRI
WKH5RFKHUGHO·<UHWSHDNÀJVDQGEDQGLVGRZQIDXOWHGZLWKLQWKH$LOHIURLGH
VWUXFWXUHE\WKH6HOOHIDXOW
)XUWKHUHDVWWKH57FRLQFLGHVZLWKWKH6XEULDQoRQQDLVIURQWDVLVHYLGHQFHGE\
FRQVLVWHQW:1:GLUHFWHGWUDQVSRUWIRXQGDWWKHEDVHRIWKH6XEEULDQoRQQDLVVOLFHVDQG
UHYHDOHGE\PLFURIDEULFDQDO\VLVRIFDOFLWHXOWUDP\ORQLWHVGHULYHGIURP WKH´VFKLVWHVj
EORFVµIRUPDWLRQRQWRSRIWKH'DXSKLQRLVVHHFKDSWHU'VWULNHVOLSVWUXFWXUHVVHH
ÀJXUHFURVVLQJWKLVVHFWLRQGLVVHFWWKH6XEULDQoRQQDLVXQLWVDQGWKH7HUWLDU\FRYHU
RI WKH'DXSKLQRLVGRPDLQ7KH57VHSDUDWLQJ WKHVH WZRGRPDLQV LVRIIVHWE\ WKLV'
VWUXFWXUHZKLFKGLHVRXWIXUWKHUHDVWZLWKLQWKH%ULDQoRQQDLVGRPDLQ
&URVVVHFWLRQ%%·ÀJE
7KLV FURVV VHFWLRQ LV SDUDOOHO WR VHFWLRQ$$· DQG ORFDWHG  NLORPHWUHV IXUWKHU
QRUWK LHDW WKHQRUWKHUQ WHUPLQDWLRQRI WKH3H\URQGHV&ODX[EDVHPHQWVOLFHDQG WKH
$LOHIURLGHVWUXFWXUHÀJVDQG)URP1:WR6(WKLVFURVVVHFWLRQGHSLFWVDVHULHV
RILPEULFDWHVFRQVLVWLQJRIEDVHPHQWDQGFRYHUIRXQGDWWKHHDVWHUQULPRIWKH3HOYRX[
PDVVLIWKH5RFKHUGHO·<UHWPDVVLIDQGWKHH[WHUQDOSDUWVRIWKH6XEULDQoRQQDLVGRPDLQ
7KHJHRPHWU\IRXQGDWWKHQRUWKZHVWHUQWHUPLQDWLRQRIWKLVFURVVVHFWLRQFRQVLVWV
RIDQLPEULFDWHEHWZHHQWZRVOLFHVRIEDVHPHQW0RQWDJQROOHDQG*UDQJHWWHVVOLFHVDQG

&+$37(5
0HVR]RLFFRYHU3UHYLRXVO\WKHDJHRILQGLYLGXDOLVDWLRQRIWKHVHVOLFHVZDVFRQVLGHUHG
DVSUH3ULDERQLDQ*LGRQ%UDYDUGDQG*LGRQ2XULQYHVWLJDWLRQVIURPWKH
EDVHPHQWVOLFHVEDVDOFRQWDFWVGLSSLQJWRZDUGV6(DJDLQLQGLFDWHD:1:GLUHFWHGVHQVH
RIWUDQVSRUW:HWKHUHIRUHLQWHUSUHWWKHVHWZRFRQWDFWVDVVXEVLGLDU\WKUXVWVEHWZHHQWKH
YDULRXVEDVHPHQWVOLFHVRQ WRSRI WKH3HOYRX[PDVVLI VHQVX VWULFWRDQG UHODWHG WR WKH
DFWLYLW\DORQJWKH57
7KH 5RFKHU GH O·<UHW PDVVLI DJDLQ VKRZV DQ LPEULFDWH EHWZHHQ EDVHPHQW
VOLFHVDQGVHGLPHQWDU\FRYHU2XUVWUXFWXUDOGDWDDUHFRQVLVWHQWZLWKÀQGLQJVRI%XWOHU
ZKR DOVR GHVFULEHG:1:GLUHFWHG VKHDULQJ LQ WKLV DUHD 6HQVH RIPRYHPHQW
LV LQGHSHQGHQWO\ FRQÀUPHG E\PLFURIDEULF DQDO\VLV RI (RFHQH QXPPXOLWLF OLPHVWRQH
LQWHQVLYHO\P\ORQLWLVHG VHHFKDSWHU 7KH VWUXFWXUDO VHWWLQJDW WKH5RFKHUGH O·<UHW
PDVVLILVKRZHYHUVOLJKWO\GLIIHUHQWIURPWKHJHRPHWU\IRXQGIXUWKHU1:VLQFHSDUWRI
WKHVHGLPHQWDU\FRYHURIWKHEDVHPHQWVOLFHVLVRI3ULDERQLDQDJH7KLV3ULDERQLDQFRYHU
LVIRXQGDVDSUHVHUYHGVHGLPHQWDU\FRQWDFWRQ WRSRIERXGLQDJHGEDVHPHQWXQLWV:H
LQWHUSUHWWKHVHERXGLQW\SHVWUXFWXUHVDVUHPQDQWVRIWKH3H\URQGHV&ODX[EDVHPHQWVOLFH
WHFWRQLFDOO\UHGXFHGGXHWR:1:GLUHFWHGHPSODFHPHQWRIWKHLQWHUQDO6XEULDQoRQQDLV
DQG%ULDQoRQQDLVXQLWVRQWRWKH'DXSKLQRLVGRPDLQ:HWKXVFRQFOXGHWKDWWKH$LOHIURLGH
V\QFOLQHVWUXFWXUHÀQGVLWVQRUWKHUQWHUPLQDWLRQLQWKH5DYLQGHOD0RQWDJQROOHYDOOH\ÀJ
2XULQWHUSUHWDWLRQGLIIHUVIURPWKDWGHSLFWHGLQWKH%5*0JHRORJLFDOPDS%ULDQoRQ
%DUIpW\HWDOZKHUHD WHFWRQLFFRQWDFW LVGUDZQDW WKHEDVHRI WKHVHEDVHPHQW
XQLWV,QVWHDGWKHXQGHUO\LQJ0HVR]RLFVHGLPHQWVOLHRQDQLQYHUWHGVHGLPHQWDU\FRQWDFW
IRXQGDWWKHEDVHRIWKHVHERXGLQDJHGEDVHPHQWXQLWV,QRXUPRGHOWKH0HVR]RLFVHULHV
DQGEDVHPHQWERXGLQV IRXQG DW WKH5DYLQGH OD0RQWDJQROOH DUH WKUXVWRQ WRSRI WKH
0RQWDJQROOHEDVHPHQWVOLFHDORQJDIRUPHU3\UHQHDQWKUXVWWKDWLVSUHQXPPXOLWLFLQDJH
DQGWRWDOO\UHZRUNHGE\ODWHU:1:GLUHFWHGVKHDULQJ
7KHVHERXGLQDJHGEDVHPHQWXQLWVDQG WKHLUSDUDXWRFKWRQRXV(RFHQHFRYHUFDQ
EHIROORZHGLQPDSYLHZEHORZWKH5RFKHUGHO·<UHWVXPPLWDQGIXUWKHUQRUWKDERYHWKH
0HVR]RLFVHULHVIURPWKH´ *UDQG7DEXFµYDOOH\ÀJ$FFRUGLQJWR&HULDQLHWDO
WKHVHERXGLQDJHGEDVHPHQWXQLWVUHSUHVHQWWKHVRXWKHUQUHPQDQWVRIWKH&RPEH\QRWPDVVLI
WHFWRQLFDOO\UHGXFHGGXHWRVWUDLQLQJUHODWHGWRWKUXVWLQJDORQJWKH577KLVLVFRQÀUPHG
E\ WKHPLFURVWUXFWXUDODQDO\VLVRIEDVHPHQWFDWDFODVLWHVEHWZHHQ&RPEH\QRWDQG<UHW
PDVVLIVVKRZLQJDFOHDUQRUWKVRXWKGHIRUPDWLRQJUDGLHQWVHH$SSHQGL[$,WDSSHDUV
WKHUHIRUHWKDWWKH&RPEH\QRWPDVVLIO\LQJLQWKHKDQJLQJZDOORIWKH57UHSUHVHQWVWKH
QRUWKHUQSURORQJDWLRQRIWKH3H\URQGHV&ODX[XQLWZKLFKLQWXUQOLHVLQWKHIRRWZDOORI
WKH577KHWUDQVLWLRQIURPDVWUXFWXUDOO\ORZHU3H\URQGHV&ODX[XQLWWRDVWUXFWXUDOO\
KLJKHU&RPEH\QRWXQLWRFFXUVZLWKLQWKH5RFKHUGHO·<UHWPDVVLI$WWKLVSODFHKRZHYHU
WKH57FDQQRWEHWUDFHGDVDGLVFUHWHVWUXFWXUHÀJVDQGE5DWKHUWKHWRS:1:
&+$37(5

GLUHFWHGGLVSODFHPHQWLVDFFRPPRGDWHGZLWKLQDNLORPHWUHVEURDG]RQHRIGHIRUPDWLRQ
WKDWZHUHIHUWRDVWKH5RFKHUGHO·<UHWVKHDU]RQH5<6=VHHFKDSWHU)XUWKHUGHWDLOV
RIWKHJHRORJ\RIWKLVPDVVLIDUHJLYHQLQDSSHQGL[$
7KHVRXWKHDVWHUQSDUWRIWKHFURVVVHFWLRQGHSLFWVODWHVWDJHQRUPDOIDXOWLQJDORQJ
WKH6XEULDQoRQQDLVIURQWWKDWLVSDUWRIWKH57LQWKLVDUHD
&URVVVHFWLRQV&&·DQG''·
7KHVHWZRFURVVVHFWLRQVKDYHEHHQFRQVWUXFWHGDORQJHLWKHUVLGHRIWKH)RXUQHO
YDOOH\ DERXW  NLORPHWUHV VRXWK RI WKH5RFKHU GH O·<UHWPDVVLI ÀJ :H DOVR
LQWHJUDWHGUHVXOWVSXEOLVKHGE\%UJLVVHU DQG6XHDQG7ULFDUW  LQWR WKHVH
VHFWLRQV
7KH VSHFWDFXODU FKHYURQW\SH IROGV DIIHFWLQJ WKH &KDPSVDXU VDQGVWRQH DUH D
SHFXOLDU IHDWXUHRI WKH)RXUQHOYDOOH\DUHD%UJLVVHU XVHG WKHPHDQ IROGD[LDO
VXUIDFHGLSDVDSDVVLYHPDUNHUSURJUHVVLYHO\URWDWLQJWRZDUGVWKHVKHDUGLUHFWLRQZLWK
LQFUHDVLQJVKHDURYHUVKHDUPRGHO6DQGHUVRQ$FFRUGLQJWRWKLVDXWKRUDPD[LPXP
YDOXHRIWKHVKHDUVWUDLQRIa LVUHFRUGHGLQWKHIRRWZDOORIWKH6XEULDQoRQQDLVIURQW
7KLVFRUUHVSRQGVWRDPLQLPXPEXONVKRUWHQLQJUHODWHGWRIROGLQJRINLORPHWHUVWRZDUGV
6:7KHFURVVVHFWLRQV&&·DQG''·RIÀJXUHZLOOEHXVHGWRGHVFULEHVWUXFWXUDO
UHODWLRQVKLSVEHWZHHQ'DXSKLQRLV6XEULDQoRQQDLVDQG%ULDQoRQQDLVH[WHUQDOGRPDLQVLQ
GHWDLO
&URVVVHFWLRQ&&·ÀJF
*RLQJIURP1WR6WKH6XEULDQoRQQDLVZKLFKIRUPVWKHKDQJLQJZDOORIWKH57
IXUWKHUQRUWK LVIRXQG LQ WKH LPPHGLDWHIRRWZDOORI WKH57IRU WKHÀUVW WLPHDORQJ WKLV
VHFWLRQ0LFURIDEULF DQDO\VLV RI FDOFLWH XOWUDP\ORQLWHV IURP D 'RJJHU OLPHVWRQH VOLFH
LPEHGGHG LQ WKHEODFNÁ\VFK UHYHDOVD:1:GLUHFWHG VHQVHRI WUDQVSRUW ÀJ DQG
FKDSWHU
'HWDLOHGPDSSLQJRI WKH´7rWHGHV/DX]LqUHVµ VXPPLW UHYHDOHG WKDW WKHZKROH
&KDPSVDXUÁ\VFKGHYHORSVDPDMRUV\QFOLQHDWLWVHDVWHUQWHUPLQDWLRQVHHÀJXUHVDQG
F7KHRULHQWDWLRQRIWKHFRUUHVSRQGLQJIROGD[LVLVVLPLODUWRWKDWRIWKHFKHYURQ
W\SHIROGVVWXGLHGE\%UJLVVHULQWKH)RXUQHOYDOOH\LHFRPSDWLEOHZLWKDWRS
6:SKDVHRIWKUXVWLQJ)DXOWSURSDJDWLRQIROGVDUHVHHQWRGHYHORSZLWKLQWKH&KDPSVDXU
Á\VFKDQGWKH\LQGLFDWHDWRSWR6:VHQVHRIWUDQVSRUW
7KHFRUHRI WKLV V\QIRUPSUHYLRXVO\PDSSHGDV&KDPSVDXUÁ\VFK 'HEHOPDV
DQG'HEHOPDVHWDOODFNVLQWHUQDOVWUDWLÀFDWLRQ%DVHGRQVHGLPHQWRORJLFDO

&+$37(5
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)LJXUH&&·DQG''·FURVVVHFWLRQV6HHSURÀOHWUDFHVRQÀJXUH
&+$37(5

ODFNRIVWUDWLÀFDWLRQWKLFNQHVVDQGVWUXFWXUDODUJXPHQWVP\ORQLWHVIRXQGDWWKHFRQWDFW
EHWZHHQ WKLV HQLJPDWLF XQLW DQG WKH XQGHUO\LQJ &KDPSVDXU Á\VFKZH SURSRVH WKDW
WKLVXQLWLVPDGHXSRIEODFNÁ\VFKRIWKH6XEULDQoRQQDLVXQLWIRXQGIXUWKHUHDVWLQWKH
LPPHGLDWHIRRWZDOORIWKH577KXVWKLVV\QFOLQHIROGVWKHEDVDOWKUXVWRID6XEULDQoRQQDLV
NOLSSHSUHYLRXVO\HPSODFHGRQWRWKH'DXSKLQRLVGRPDLQ)LJXUHDGHSLFWVDVPDOO
VFDOH'IROGIRXQGZLWKLQWKLV6XEULDQoRQQDLVGRPDLQ$VVKRZQLQÀJXUHEWKH6
FOHDYDJHFOHDUO\RYHUSULQWVDQ6FRPSRVLWHIROLDWLRQUHODWHGWRHDUO\HPSODFHPHQWRI
6XEULDQoRQQDLVXQLWVRQWRWKH'DXSKLQRLVIRUHODQG
7KLV 6XEULDQoRQQDLV XQLW LV DOVR DIIHFWHG E\ ODWH NLQNW\SH VWUXFWXUHV ÀJ
D SRVVLEO\ UHODWHG WR (DVWGLUHFWHG PRYHPHQWV FRQWHPSRUDQHRXV RI ' WRS6:
GLVSODFHPHQWVVHHVHFWLRQ
)LQDOO\'QRUPDOIDXOWLQJRYHUSULQWVWKH57DQGXQGHUO\LQJ6XEULDQoRQQDLVDQG
'DXSKLQRLVXQLWV/DUJHDPRXQWVRIJ\SVXPIRXQGDWWKH´&ROG·$QRQSDVVµDUHUHODWHG
WRWKLVQRUPDOIDXOWLQJSKDVH
&URVVVHFWLRQ''·ÀJG
7KHV\QFOLQHZLWKWKHFRUHRILQIHUUHG6XEULDQoRQQDLVPDWHULDOGHVFULEHGLQWKH
SUHYLRXVVHFWLRQGLHVRXWWRZDUGVWKHQRUWKEXWLVVWLOOSUHVHQWLQHPEU\RQLFIRUPDWWKH
IURQWRIWKH2UpDFPDVVLILQWKLVVHFWLRQ7KH57'ZKLFKUXQVDORQJWKHEDVHRIWKH
6XEULDQoRQQDLVDQGRXWFURSVDORQJWKH´ 3UpVGHV%DQVµFUHVWLVVHHQWRGLSXQGHUQHDWKWKH
BA
FIG B
3
3
)LJXUH(YLGHQFHIRUWRS6:'IROGLQJZLWKLQWKH6XEULDQoRQQDLVXQLWVRIWKH)RXUQHOYDOOH\DORQJ
SURÀOH&&·RIÀJXUHF
D VPDOOVFDOH' IROGLQJ WKDW DIIHFWV6XEULDQoRQQDLV FDOFDUHRXVÁ\VFK DW WKH HQWUDQFHRI WKH)RXUQHO
YDOOH\
ESKRWRPLFURJUDSKVKRZLQJRYHUSULQWLQJUHODWLRQVKLSVEHWZHHQ6D[LDOSODQDUFOHDYDJHRIWKH'IROG
VKRZQLQÀJXUHDRQWRDQHDUOLHU'IROLDWLRQ

&+$37(5
2UpDFVXPPLW7KHUHLWPHUJHVZLWKWKHEDVDOWKUXVWRIWKH5RFKH&KDUQLqUH%ULDQoRQQDLV
XQLWFRUUHVSRQGLQJWRWKH%ULDQoRQQDLVIURQWRI7ULFDUW7KLVGLUHFWO\VKRZVWKDWWKH
57LVIROGHGWRJHWKHUZLWKWKHXQGHUO\LQJVHGLPHQWDU\FRYHURIWKH'DXSKLQRLVGRPDLQ
GXULQJ WKH ODWHU 'SKDVH+HQFH WKLV FURVV VHFWLRQ DJDLQ FRQÀUPV WKDW6:GLUHFWHG
PRYHPHQWVSRVWGDWHHDUOLHU1:GLUHFWHGWUDQVSRUW
)XUWKHUHDVWWKH57LVFOHDUO\GRZQIDXOWHGE\WKH'XUDQFHQRUPDOIDXOWQHWZRUN
7KLV 'SKDVHSURGXFHV LPSUHVVLYHRIIVHWVZHOOYLVLEOH LQ WKH0HVR]RLF VHGLPHQWDU\
VXFFHVVLRQRIWKHIURQWDO%ULDQoRQQDLVXQLWV7KHVHQRUPDORIIVHWVHVWLPDWHGWRDPLQLPXP
YHUWLFDOFRPSRQHQWRIPHWUHVDUHDFKLHYHGDORQJVWHHS(GLSSLQJFRQWDFWVRXWOLQHG
E\XOWUDFDWDFODVLWHV6XHDQG7ULFDUW
&URVVVHFWLRQ((·ÀJH
7KLV1(6:WUHQGLQJVHFWLRQUXQVDFURVVWKH´7rWHGH9DXWLVVHµVXPPLWDERXW
NPVRXWKIURPWKH´ 7rWHGHV/DX]LqUHVµSHDNÀJ,WFURVVHVWKHHDVWHUQWHUPLQDWLRQRI
WKH(PEUXQDLV8ED\HQDSSHDQGUXQVWKURXJKWKHIURQWDO5RFKH&KDUQLqUHDQG&KDPSFHOOD
QDSSHVRI%ULDQoRQQDLVRULJLQ
7KHJHRORJ\RIWKH*DXOHQWPDVVLIKDVÀUVWEHHQGHVFULEHGE\'HEHOPDV
DQG ODWHUE\7ULFDUW 7ULFDUW  LQGLYLGXDOL]HG WZRJHQHUDWLRQVRIVWUXFWXUHV
IRUPHG GXULQJ WKH VRFDOOHG ´7HFWRQLTXH ,,µ DQG ´7HFWRQLTXH ,,,µ SKDVHVZLWKLQ WKLV
PDVVLI
$FFRUGLQJWR7ULFDUWWKH´ 7HFWRQLTXH,,µSKDVHFRUUHVSRQGVWRGHIRUPDWLRQ
ZLWKLQ WKH %ULDQoRQQDLV GRPDLQ DQG SUHGDWHV WKUXVWLQJ DORQJ WKH %ULDQoRQQDLV IURQW
577KLVSKDVHLVUHVSRQVLEOHIRUHDUO\QDSSHVWDFNLQJEHWZHHQ&KDPSFHOODDQG5RFKH
&KDUQLqUHQDSSHV7KH´7HFWRQLTXH,,,µSKDVHFRUUHVSRQGVWRRXU'WKUXVWLQJDORQJWKH
577KLVODWHUSKDVHZKLFKLVWKHÀUVWRQHUHFRUGHGZLWKLQWKH'DXSKLQRLVXQLWVDORQJWKLV
SURÀOHFOHDUO\RYHUSULQWVWKHGHIRUPDWLRQIHDWXUHVUHODWHGWRWKLVHDUOLHUSKDVHRIQDSSH
VWDFNLQJDVLVHYLGHQFHGE\WKHIROGLQJRIWKHEDVDOFRQWDFWRIWKH&KDPSFHOODQDSSHVHH
ÀJXUHH
7KUXVWLQJRILQWHUQDO%ULDQoRQQDLVXQLWVRQWRWKH'DXSKLQRLVDORQJWKH57LQGXFHG
WKHIRUPDWLRQRIDPDMRUV\QFOLQHDWWKHUHDURIWKH(PEUXQDLV8ED\HQDSSHVWDFN7KLV
V\QFOLQHFDQEHIROORZHGIXUWKHUWRWKHVRXWKDVGHSLFWHGE\WKHD[LDOWUDFHPDSSHGLQ
ÀJXUHDQGLVIRUH[DPSOHVSHFWDFXODUO\H[SRVHGLQIURQWRIWKH5pRWLHUYLOODJHVR
FDOOHG´&KDUQLqUHV\QFOLQDOHGH6W&OpPHQWµ'HEHOPDV
'GHIRUPDWLRQIHDWXUHVDUHFOHDUO\UHFRJQL]DEOHLQWKH*DXOHQWPDVVLIDUHD7KH
PDLQVWUXFWXUHGHYHORSHGGXULQJ'FRQVLVWVRIDÁDWO\LQJWKUXVWGLVVHFWLQJWKHIURQWDO
5RFKH &KDUQLqUH QDSSH DQG RIIVHWWLQJ WKH57 E\ DERXW RQH NLORPHWUH:H QDPH WKLV
&+$37(5
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3TRUCTURAL DATA 5VERNAUX CREST
3TEREOPLOTS
$ STRETCHING LINEATIONS
WKUXVW IRUPHGGXULQJ''RUPLOORXVH WKUXVW '7DIWHU WKH W\SH ORFDOLW\ZKHUH LWKDV
ÀUVWEHHQUHFRJQL]HG7KH'7UHDFWLYDWHV WKHEDVDOFRQWDFWRI WKH3DUSDLOORQQDSSHDV
HYLGHQFHGE\VKHDUEDQGW\SHVWUXFWXUHVIRXQGDWWKHEDVHRIWKH´3RLQWHGHV8YHUQDX[µ
%ULDQoRQQDLVUHODWHGVOLFHZKLFKLQGLFDWHWRS6:GLUHFWHGPRYHPHQWVVHHÀJXUH
7KH VRXWKHUQ WHUPLQDWLRQRI WKH6XEULDQoRQQDLV V\QFOLQHGHVFULEHG LQ VHFWLRQ''· LV
IRXQGLQWKHLPPHGLDWHIRRWZDOORIWKH'77KHIROGD[HVDIIHFWLQJERWK6XEULDQoRQQDLV
DQG&KDPSVDXUÁ\VFKXQLWVDUHDJDLQFRQVLVWHQWZLWKWRS6:GLUHFWHGGLVSODFHPHQWV,Q
WKHHDVWHUQSDUWRIWKHFURVVVHFWLRQWKH'7LVGRZQIDXOWHGHDVWZDUGVE\'VWUXFWXUHV
UHODWHGWRWKH'XUDQFHQRUPDOIDXOWV\VWHP,QPDSYLHZWKH'7LVWUDQVIRUPHGLQWRWKH
VWHHSVWULNHVOLSIDXOWDWWKHVRXWKHUQHQWUDQFHRIWKH'RUPLOORXVHYDOOH\GHVFULEHGHDUOLHU
7KLVVWULNHVOLSIDXOWSURGXFHVVLQLVWUDORIIVHWVRIWKHIURQWRIERWK5RFKH&KDUQLqUHDQG
&KDPSFHOODQDSSHVDERYHWKH)UHLVVLQLqUHORFDOLW\ÀJ7KLVDJDLQFRQÀUPVWKDWWKH
DPRXQWRI6:GLUHFWHGGHIRUPDWLRQLQFUHDVHVVRXWKZDUGVEHFDXVHWKHVWULNHVOLSQHWZRUN
GLVVHFWLQJWKH57VRXWKRI3HOYRX[WUDQVIRUPVODWHUDOPRYHPHQWVLQWRÁDWO\LQJWKUXVWV
ZLWKLQWKH'DXSKLQRLV7KLV'GHIRUPDWLRQSUHGDWHVWKHRQVHWRI'QRUPDOIDXOWLQJ
)LQDOO\ NLQNW\SH VWUXFWXUHV UHODWHG WR HDVWZDUGGLUHFWHG PRYHPHQWV FDQ EH
REVHUYHG LQ WKLV SURÀOH 7KHVH VWUXFWXUHV KDYH EHHQ UHFRJQL]HG ZLWKLQ WKH *DXOHQW
PDVVLI ÀJ EDQG LQGXFHD VXGGHQ VWHHSHQLQJRI WKHD[LDOSODQHRI WKH(PEUXQDLV
)LJXUH(YLGHQFH IRU WRS6:GLUHFWHG
VKHDU EDQGV IRXQG LQ WKH IRRWZDOO RI WKH
'RUPLOORXVH WKUXVW DORQJ SURÀOH ((· RI
ÀJXUHHEHORZWKH8YHUQDX[VXPPLW
&+$37(5

8ED\HV\QFOLQHLQWKHLPPHGLDWHIRRWZDOORIWKH57ÀJF)XUWKHUVRXWKLHDWWKH
5pRWLHUORFDOLW\WKLVVWHHSHQLQJUHVXOWVLQDGLSRIWKH57RI7KHVHHDVWZDUGGLUHFWHG
PRYHPHQWV KDYH EHHQ LQWHUSUHWHG WR EH UHVSRQVLEOH IRU WKH RYHUDOO VWHHSHQLQJ RI WKH
%ULDQoRQQDLVIURQWLHWKH5RVHOHQGWKUXVWE\7ULFDUW
6XPPDU\DQGGLVFXVVLRQ
7KUHHPDMRUÀQGLQJVSUHVHQWHGLQWKLVVWXG\ZLOOEHVXPPDUL]HGEULHÁ\DQGWKHQ
XVHGIRUSURSRVLQJDQHZPRGHORIWKHJHRG\QDPLFHYROXWLRQRIWKHLQYHVWLJDWHGDUHD
)LUVWO\RXUGDWDGHPRQVWUDWHWKHYDOLGLW\RIWKHK\SRWKHVLVIRUPXODWHGE\&HULDQL
HWDO7KH57PDMRUWHFWRQLFVWUXFWXUHIRXQGDWWKHIURQWRIWKHDUFRIWKH:HVWHUQ
$OSVSDUWLDOO\UHDFWLYDWHVWKH3%&LQWKHVHQVHRI&HULDQLHWDOWRWKHQRUWKDQG
LPPHGLDWHO\VRXWKRIWKH3HOYRX[PDVVLI,WMRLQVWKH%ULDQoRQQDLVIURQWDVGHÀQHGE\
7ULFDUWDWWKHUHDURIWKH(PEUXQDLV8ED\HQDSSHVWDFN$FWLYLW\DORQJWKH
57LVNLQHPDWLFDOO\OLQNHGWRGH[WUDODFWLYLW\DORQJWKH5KRQH6LPSORQOLQH&HULDQLHWDO
DQGVLQLVWUDOPRYHPHQWVZLWKLQDEURDGVWULNHVOLS]RQHDWWKHUHDURIWKH$UJHQWHUD
PDVVLIÀJDQG&HULDQLHWDO
7KH VHFRQG PDMRU ÀQGLQJ FRQFHUQV WKH HDUO\ HPSODFHPHQW GLUHFWLRQ RI WKH
(PEUXQDLV8ED\H QDSSH VWDFN RQWR WKH 'DXSKLQRLV GRPDLQ (YLGHQFHV IRXQGZLWKLQ
WKH ´VFKLVWHV j EORFVµ .HUFNKRYH  XQLWV DW WKH EDVH RI WKHVH QDSSHV LQGLFDWH D
:1:GLUHFWHGVHQVHRIWUDQVSRUWVKRUWO\DIWHUGHSRVLWLRQRIWKHVHGLPHQWVLQDFFRUGDQFH
ZLWKÀQGLQJVE\0HUOH DQG %UXQ  DQG.HUFNKRYH HW DO 7KH WLPLQJRI
HPSODFHPHQWRIWKHVHQDSSHVRQWRWKH'DXSKLQRLVGRPDLQLVZHOOFRQVWUDLQHGDV5XSHOLDQ
LQDJHE\/LFNRULVKDQG)RUG:HDWWULEXWHLWWRDQHYHQWZKLFKFRUUHVSRQGVWRWKH
HDUOLHVWVWDJHRIRXU'LPPHGLDWHO\SUHGDWLQJWKUXVWLQJDORQJWKH5RVHOHQGWKUXVW'
UHSUHVHQWVDQ2OLJRFHQHWR/RZHU0LRFHQH:1:GLUHFWHGGHIRUPDWLRQSKDVHUHODWHGWR
WKHFROOLVLRQEHWZHHQ WKH(XURSHDQDQG$GULDWLFPLFURSODWHV:1:GLUHFWHG WKUXVWLQJ
DORQJWKH57SRVWGDWHVWKHHPSODFHPHQWRIWKH(PEUXQDLV8ED\HQDSSHVDVLVHYLGHQFHG
E\WKHODUJHVFDOHV\QFOLQHGHYHORSHGLQWKH+HOPHQWKRLGÁ\VFKLQWKHGLUHFWIRRWZDOORI
WKH57,QVXPPDU\'VWDUWVZLWKWKHHPSODFHPHQWRIWKH(PEUXQDLV8ED\HQDSSHVWDFN
RQWRWKH'DXSKLQRLVHDUO\VWDJHRI'RIWKLVVWXG\DQGLVLPPHGLDWHO\IROORZHGLQWLPH
E\:1:GLUHFWHGRXWRIVHTXHQFHWKUXVWLQJDORQJWKH577KHHDUO\'DQG'SKDVH
VHQVXVVWULFWRFRUUHVSRQGWRWKH'VWUXFWXUHVRI&HULDQLDQG&HULDQLHWDO
7KLUGO\ZHGHPRQVWUDWHG WKDW6:GLUHFWHGPRYHPHQWV 'DUH ODWHU WKDQ WKH
:1:GLUHFWHG'HPSODFHPHQWRILQWHUQDOO\GHULYHGXQLWVRQWRWKH'DXSKLQRLVGRPDLQ
2YHUSULQWLQJ UHODWLRQVKLSVKDYHEHHQ IRXQG LQGHHGZLWKLQ WKH IURQWDO6XEULDQoRQQDLV
%ULDQoRQQDLVXQLWVWKH3ULDERQLDQFRYHURIWKH'DXSKLQRLVGRPDLQDQGWKH´VFKLVWHVj

&+$37(5
EORFVµ.HUFNKRYHIRUPDWLRQIRXQGDWWKHEDVHRIWKH(8QDSSHVWDFN
:HSURYLGHGHYLGHQFHWKDWWKH:1:GLUHFWHGPRYHPHQWVVRXWKRI3HOYRX[DQG
DWWKHEDVHRIWKHLQWHUQDO6XEULDQoRQQDLV%ULDQoRQQDLVXQLWVLQFOXGLQJWKH+HOPHQWKRLG
)O\VFKQDSSHVRIWKH(PEUXQDLV8ED\HQDSSHVWDFNZHUHRYHUSULQWHGE\ODWHUWRS6:
GLUHFWHGPRYHPHQWV7KLVDVNVIRUDUHYLVLRQRIROGHUFRQFHSWVFRQFHUQLQJWKHVWUXFWXUDO
HYROXWLRQRIWKLVDUHD´ 5DGLDOµPRGHOV9LDORQHWDO3ODWWHWDOFOHDUO\GRQRW
DSSO\WRWKHDUFRIWKH:HVWHUQ$OSVVLQFHWKH\LPSO\WKHVLPXOWDQHRXVDFWLYLW\RI1:
DQG6:GLUHFWHGWKUXVWV\VWHPV7KHPRGHOVRI%UJLVVHU/LFNRULVKHWDO
DOVRLPSO\LQJVLPXOWDQHRXVDFWLYLW\RIWKHVHWZRV\VWHPVGRQRWDSSO\WRWKHZRUNLQJDUHD
HLWKHU
+RZHYHURULJLQDQGVLJQLÀFDQFHRIWKH\RXQJHU6:GLUHFWHGPRYHPHQWV'
RQO\REVHUYHGVRXWKRIWKH3HOYRX[PDVVLIUHPDLQGHEDWDEOHDQGPHULWIXUWKHUGLVFXVVLRQ
0HUOH DQG %UXQ  DUJXHG WKDW WKH ODWHVWDJH 6:GLUHFWHG HPSODFHPHQW RI WKH
(PEUXQDLV8ED\HQDSSHVWDFNFRXOGSRVVLEO\EHJUDYLWDWLRQDOO\GULYHQ+RZHYHUWKH\
GLGQRWH[FOXGHDSRVVLEOHSXVKIURPWKHEDFN3XVKIURPWKHEDFNLVIDYRXUHGE\WKHIDFW
WKDWJUDYLWDWLRQDOGHIRUPDWLRQFDQQRWH[SODLQDQLQFUHDVHLQGHIRUPDWLRQDPRXQWVWRZDUGV
WKHEDFNRI WKHGHIRUPDWLRQIURQWDVREVHUYHGGXULQJ WRS6: WKUXVWLQJ LQ WKH)RXUQHO
YDOOH\IRUH[DPSOHDQGDVSRLQWHGRXWE\%UJLVVHU)XUWKHUPRUHJUDYLW\GULYHQ
PHFKDQLVPV DUH LQDGHTXDWH IRU H[SODLQLQJ FRQWHPSRUDQHRXVEDFNZDUGPRYHPHQWV DV
VXJJHVWHGE\WKLVVWXG\+HQFHRQHKDVWRORRNIRUDWHFWRQLFHYHQWZKLFKSRVWGDWHV
DFWLYLW\DORQJWKH57GXULQJ2OLJRFHQHWR(DUO\0LRFHQHWLPHVSUHGDWHVWKHRQVHWRI
ODWHVWDJH1HRJHQHQRUPDOIDXOWLQJDQGDIIHFWVWKHHQWLUHDUHDEHWZHHQ3HOYRX[DQG
$UJHQWHUDPDVVLIVEXWQRWDUHDVDORQJWKH57IXUWKHUQRUWK
$SURPLQHQW ODUJHVFDOH WHFWRQLFHYHQW WKDWIXOÀOOV WKHVH WKUHHFRQGLWLRQV LV WKH
RSHQLQJRI WKHZHVWHUQ0HGLWHUUDQHDQEDVLQ ÀJDVHHUHYLHZVE\6HUUDQQH
*XHJXHQHWDO)DFFHQQDHWDO&DUPLQDWLHWDOE%RQDUGLHWDO
5RFD&DYD]]DHW:H]HODQG'q]HVHWDO
7KHFRPELQDWLRQRIJHRSK\VLFDO WUDQVHFWVZLWKLQ WKH0HGLWHUUDQHDQEDVLQZLWK
RQODQGJHRORJLFDOGDWD &DYD]]D HW DO  &DUPLQDWWL HW DO )DFFHQQD HW DO
DE5ROOHWHWDO%ODQFRDQG6SDNPDQ6SDNPDQHWDODOORZIRUD
VFHQDULREULHÁ\VXPPDUL]HGEHORZ
$FFRUGLQJ WR %XUUXV  ULIWLQJ ZLWKLQ WKH ZHVWHUQ 0HGLWHUUDQHDQ EDVLQ
VWDUWHGGXULQJWKH(DUO\2OLJRFHQHÀJELHDWDERXW0D2GLQDQG2GLQ
1(6: WUHQGLQJQRUPDOIDXOWV ÀJFVWDUWHG WRGLVVHFWDUHDVSUHYLRXVO\VXEMHFWHG
WRFRPSUHVVLRQDOGHIRUPDWLRQVXFKDVWKH3\UHQHHVDQGWKH,EHULDQFKDLQV'XULQJ/DWH
2OLJRFHQH WR(DUO\0LRFHQH WLPHV ÀJF WKH9DOHQFLD WURXJKDUHD LVVXEMHFWHG WR
DPDMRU ULIWLQJSKDVH %DUWULQDHWDO:DWWVDQG7RUQHZKLFKVWRSV LQ WKH
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%XUGLJDOLDQ %DQGD DQG6DQWDQDFK 7KLV HDUO\ H[WHQVLRQDOSKDVH LV UHVSRQVLEOH
IRUWKHRQVHWRIGLVSODFHPHQWRI&RUVLFD6DUGLQLDEORFNDZD\IURPLWVLQLWLDOSRVLWLRQDV
VKRZQLQÀJXUHVEFDQGG%XUUXV7KLVLQWXUQOHDGVWRWKHIRUPDWLRQRIDQ
DFFUHWLRQDU\SULVPLQWKHIXWXUHQRUWKHUQDSSHQLQHV3ULQFLSLDQG7UHYHV
2FHDQL]DWLRQZLWKLQ WKH/LJXUR3URYHQoDOEDVLQ WDNLQJ SODFHGXULQJ WKH (DUO\
0LRFHQH9LJOLRWWLDQG/DQJHQKHLPVWDUWVLQWKH$TXLWDQLDQDQGLVUHVSRQVLEOHIRU
PRVWRIWKHFRXQWHUFORFNZLVHURWDWLRQRIWKH&RUVLFD6DUGLQLD&DODEULDEORFNÀJV
FDQGG7KLVRFHDQL]DWLRQ DQG UHODWHG URWDWLRQRI WKH&RUVLFD6DUGLQLD&DODEULD
EORFNFHDVHVLQ0LG0LRFHQHÀJG9LJOLRWWLDQG/DQJHQKHLP([WHQVLRQDO
GHIRUPDWLRQSURSDJDWHVIXUWKHUHDVWDWWKLVWLPHDVHYLGHQFHGE\DVXEVLGHQFHHSLVRGH
HDVWRI&RUVLFD2UV]DJ6SHUEHUDQG3LORW
7KHPDMRUHSLVRGHRIH[WHQVLRQUHFRUGHGZLWKLQWKH7\UUKHQLDQEDVLQKRZHYHULV
RI7RUWRQLDQWR0LGGOH3OLRFHQHLQDJH7ULQFDGLDQG=LWHOOLQL7KLVH[WHQVLRQLV
OLQNHGWRFRPSUHVVLRQDOGHIRUPDWLRQZLWKLQWKH$SHQQLQHVÀJHDQGFRQWLQXHVXQWLO
SUHVHQWDVLVDWWHVWHGE\FRQWLQXRXVHDVWZDUGVKLIWLQJRIWKHGHIRUPDWLRQIURQWZLWKLQWKLV
EHOW%RFFDOHWWLHWDO
6HYHUDOPRGHOVDLPLQJWRSURSRVHDSRVVLEOHRULJLQIRUWKHRSHQLQJLQWKHZHVWHUQ
0HGLWHUUDQHDQUHJLRQDUHIRXQGLQOLWHUDWXUH7KH\DUHEULHÁ\GHVFULEHGLQWKHIROORZLQJ
VHH-ROLYHWDQG)DFFHQQDIRUDFRPSOHWHUHYLHZLQWHUPVRIWKHPDLQJHRG\QDPLF
SURFHVVWKDWRULJLQDWHGH[WHQVLRQZLWKLQWKH0HGLWHUUDQHDQEDVLQ
$ÀUVW JURXS RIPRGHOV GHDOLQJZLWK H[WHQVLRQ LQ WKH/LJXUR3URYHQoDO EDVLQ
%XUUXV0DOLQYHUQRDQG5\DQWKH7\UUKHQLDQEDVLQ0DOLQYHUQRDQG5\DQ
5R\GHQ6HUULHWDO)DFFHQQDHWDORUWKHZKROH0HGLWHUUDQHDQ
UHJLRQDQG0LGGOH(DVW-ROLYHWDQG)DFFHQQDLVEDVHGRQVODEUROOEDFNSURFHVVHV
7KH JHRG\QDPLFPHFKDQLFDO HYROXWLRQ LV DV GHVFULEHG E\ 'HZH\  LH EDFNDUF
H[WHQVLRQRFFXUVZLWKLQDVXEGXFWLRQ]RQHV\VWHPZKHQ WKHYHORFLW\RIVODE UHWUHDW LV
KLJKHUWKDQWKDWRIWKHRYHUULGLQJSODWH
$ VHFRQG JURXS RI PRGHOV LQYROYHV VODE GHWDFKPHQW SURFHVVHV :RUWHO DQG
6SDNPDQ&DUPLQDWLHWDOELQRUGHUWRQRWDEO\H[SODLQWKHGUDPDWLFHDVWZDUG
)LJXUHDVLPSOLÀHGWHFWRQLFPDSRIWKHFHQWUDO0HGLWHUUDQHDQDIWHU)DFFHQDHWDO
EFGHDQGISDOHRWHFWRQLFHYROXWLRQRIWKHZHVWHUQ0HGLWHUUDQHDQEDVLQIRUHDUO\2OLJRFHQHHDUO\
0LRFHQHPLGGOH0LRFHQHHDUO\3OLRFHQHDQGSUHVHQWGD\UHVSHFWLFHO\DIWHU)DFFHQDHWDO
J&RPSUHVVLRQDO LQWUDSODWH VWUHVVÀHOG IRU/DQJKLDQ WLPHVDORQJQRUWKHUQ$IULFD%ODFNDUURZV UHIHU
WRFRPSLODWLRQRISDOHRVWUHVVGDWD %HUJHUDW6LPRQ*RPH]'H5XLJ/HWRX]H\
2WWG·(VWHYRXDQG*DOLQGR=DOGLYDUHWDODQGZKLWHDUURZVUHSUHVHQWWKHDSSOLHGERXQGDULHV
IRUFHV
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VKLIW RI H[WHQVLRQDO GHIRUPDWLRQ IURP WKH/LJXUR 3URYHQoDO WR WKH7\UUKHQLDQ EDVLQV
LQ/DQJKLDQWLPHV,QWKHVHPRGHOVEDFNDUFH[WHQVLRQÀQGVLWVRULJLQLQWKHDGGLWLRQDO
ORDGLQJRIWKHGHWDFKHGSDUWVRIWKHVXEGXFWHGVODERQWRWKHQRQGHWDFKHGSDUWVRIWKLV
VDPHVODE7KLVSXOOIDYRUV WKHUHWUHDWRI WKHVXEGXFWLRQ WUHQFKZKLFK LQ WXUQ LQGXFHV
EDFNDUFH[WHQVLRQZLWKLQ WKHRYHULGGLQJSODWH7KLVJURXSRIPRGHOV LV VLPLODU WR WKH
VLPSOHUROOEDFNPRGHOV+RZHYHUUROOEDFNLVIDVWHUDQGOHDGVWRYHU\DUFXDWHVWUXFWXUHV
DVREVHUYHGLQWKHZHVWHUQ0HGLWHUUDQHDQ
$WKLUGW\SHRIPRGHOVIRXQGLQOLWHUDWXUHLVEDVHGRQDQLQFUHDVHRIYHUWLFDOVWUHVV
ZLWKLQ WKH$OSLQHRURJHQHLWKHUE\FUXVWDO WKLFNHQLQJZLWKLQ WKH$OSLQHEHOW LWVHOI /H
3LFKRQ3ODWWDQG9LVVHUVRUE\GHODPLQDWLRQRIFROG OLWKRVSKHULF URRWVE\
PDQWOHFRQYHFWLRQ3ODWWDQG(QJODQG,QERWKFDVHVWKH$OSLQHRURJHQLVVXEMHFWHG
WRH[WHQVLRQDOFROODSVHUHVXOWLQJLQRSHQLQJZLWKLQWKH0HGLWHUUDQHDQUHJLRQ
,WLVQRWWKHSXUSRVHRIWKLVVHVVLRQWRGLVFXVVWKHYDOLGLW\RIWKHVHPRGHOV6XFK
PRGHOVDUHHLWKHUH[FOXVLYHO\EDVHGRQLQFUHDVHGVODEUHWUHDWYHORFLWLHVRUDOWHUQDWLYHO\
WKH\RQO\LQYROYHDQLQFUHDVHLQYHUWLFDOVWUHVV7KLVVWULFWVHSDUDWLRQLVXQOLNHO\KRZHYHU
$VDUJXHGE\-ROLYHWDQG)DFFHQQD  WKHVODE UHWUHDWPRGHOVGRQRWH[SODLQ WKH
VXGGHQFKDQJHIURP$OSLQHFRPSUHVVLRQWRH[WHQVLRQDQGWKHYHUWLFDOVKHDUPRGHOVDUH
QRW DSSURSULDWH IRU H[SODLQLQJ WKH RSHQLQJ RI WKH/LJXUR3URYHQFDO EDVLQ SUHYLRXVO\
QRWVWURQJO\DIIHFWHGE\$OSLQHFROOLVLRQ0RGHOV LQYROYLQJVODEGHWDFKPHQWSURFHVVHV
DUHKRZHYHU VXFFHVVIXO LQH[SODLQLQJ WKHRSHQLQJRI ORFDOEDVLQV VXFKDV WKH/LJXUR
3URYHQFDODQG7\UUKHQHDQEDVLQV
&DUPLQDWL HW DO E SURSRVHG WKDW WKH ODWH 2OLJRFHQH WR HDUO\ /DQJKLDQ
H[WHQVLRQDOSKDVH UHVSRQVLEOH IRU WKHRSHQLQJRI WKH/LJXUR3URYHQoDOEDVLQ UHVXOWHG
IURPUROOEDFNRIWKH$IULFDQVODE7KHVHDXWKRUVSURSRVHGWKDWWKHODWHURSHQLQJRIWKH
7\UUKHQLDQEDVLQPDUNLQJWKHHDVWZDUGPLJUDWLRQRIH[WHQVLRQZLWKLQWKH0HGLWHUUDQHDQ
GRPDLQZDV GXH WR D VODE GHWDFKPHQW HSLVRGH DORQJ WKH QRUWKHUQPDUJLQ RI$IULFD
&DUPLQDWLHWDODQXPHULFDOO\PRGHOHGWKHPHFKDQLFDOHIIHFWVLQGXFHGE\DVODE
GHWDFKPHQWSURFHVVXVLQJDWKLQVKHOOPRGHODGDSWHGWR0HGLWHUUDQHDQJHRG\QDPLFVHWWLQJ
VHH&DUPLQDWWLHWDODIRUGHWDLOVDERXW WKHDSSOLHGERXQGDU\FRQGLWLRQV7KHLU
VLPXODWLRQLVDFKLHYHGXVLQJDWZRVWHSPRGHOZLWKDÀUVW2OLJRFHQH%XUGLJDOLDQHSLVRGH
PHFKDQLFDOO\GRPLQDWHGE\WKHHIIHFWVRI$IULFDQVODEUROOEDFN$VHFRQGVWHS/DQJKLDQ
WR3UHVHQWLQYHVWLJDWHVWKHHIIHFWVRIVODEGHWDFKPHQWRQWKHPHFKDQLFDOHYROXWLRQRIWKH
V\VWHPDQGLWVLQÁXHQFHLQWHUPVRIWKHJHRG\QDPLFHYROXWLRQ
7KHQXPHULFDOVLPXODWLRQVDSSOLHG WR WKH2OLJRFHQH WR%XUGLJDOLDQ 0D
WLPH LQWHUYDOUHSURGXFHV WKHHDUO\ULIWLQJSKDVHRI WKH0HGLWHUUDQHDQEDVLQVWDUWLQJ LQ
WKH(DUO\2OLJRFHQHLQWKH]RQHRIWKH9DOHQFLDWURXJK&RUVLFD6DUGLQLDDQGWKH*XOIRI
/LRQ7KLVRSHQLQJSKDVHSURJUHVVLYHO\PRYHVHDVWZDUGDQGDIIHFWVWKH/LJXUR3URYHQFDO

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EDVLQIURP$TXLWDQLDQWR%XUGLJDOLDQ
7KHRQVHWRIVODEEUHDNRIIDORQJWKHQRUWKHUQPDUJLQRI$IULFDGXULQJWKH/DQJKLDQ
GUDVWLFDOO\FKDQJHVWKHVWUHVVÀHOGRIWKHLQYHVWLJDWHGDUHD7KHUHJLRQHDVWRIWKH&RUVLFD
6DUGLQLDEORFNLVQRZVXEMHFWWRDFWLYHH[WHQVLRQPDUNLQJWKHEHJLQQLQJRIWKHRSHQLQJRI
WKH7\UUKHQLDQEDVLQ7KLVRSHQLQJZLOOEHDFWLYHXQWLOSUHVHQWWLPHVDQGLVNLQHPDWLFDOO\
OLQNHGWRGHIRUPDWLRQZLWKLQWKH$SSHQQLQHFKDLQ
,QWHUHVWLQJO\WKHLQWUDSODWHVWUHVVÀHOGPRGHOHGIRUODWH/DQJKLDQWLPHVSUHGLFWV
WKDWWKHIRUHODQGRIWKH$OSVLQVRXWKHDVWHUQ)UDQFHLVFKDUDFWHUL]HGE\DVWULNHVOLSVWUHVV
ÀHOGZLWK D FRPSUHVVLRQGLUHFWLRQ RULHQWHG1(6: ÀJ J7KLV VWUHVVÀHOGGLHV
RXWZLWKLQWKH0HGLWHUUDQHDQVHDDQGLVQRPRUHUHFRUGHGIXUWKHUQRUWKLQWKH1RUWKHUQ
6XEDOSLQHFKDLQVZKHUHFRPSUHVVLRQUDQJHVIURPDQ(:WRD1:6(GLUHFWLRQ
,WLVWHPSWLQJWRFRUUHODWHWKLV1(6:FRPSUHVVLRQWRWRS6:GLUHFWHGWKUXVWLQJGXULQJ
'LQWKHDUHDVRXWKRIWKH3HOYRX[PDVVLIVLQFH
WKHFRPSUHVVLRQGLUHFWLRQLVFRPSDWLEOHZLWKFRQVWDQWWRS6:GLUHFWHGWKUXVWLQJ
UHFRUGHGLQ'DXSKLQRLVGRPDLQLQWKLVSDUWRIWKH$OSLQHFKDLQ/DZVRQ)U\
5LW]/LFNRULVKDQG)RUG%UJLVVHUWKLVVWXG\
WKLVFRPSUHVVLRQDOSKDVHFOHDUO\SRVWGDWHVWKH'5RVHOHQGSKDVH2OLJRFHQHWR
(DUO\0LRFHQHDFFRUGLQJWR)JHQVFKXKDQG6FKPLG
 LW H[SODLQVZK\ ' UHODWHG VWUXFWXUHV DUH RQO\ UHFRUGHG VRXWK RI WKH 3HOYRX[
PDVVLI
&DUPLQDWLHWDODDGGLWLRQDOO\VKRZWKDWWKHWUDQVSRUWGLUHFWLRQDFWLYHGXULQJ
WKHVDPHWLPHSHULRGDORQJWKH$SSHQLQHWKUXVWIURQWUDQJHVIURPWRS(WRWRS1(
7KLVGLUHFWFRPSDULVRQEHWZHHQRXU'WRS6:WKUXVWLQJHYHQWDQGWKHUHVXOWVRI
QXPHULFDOPRGHOLQJE\&DUPLQDWWLHWDODKDVKRZHYHUWREHWDNHQZLWKDJUDLQRI
VDOW$VRXWOLQHGE\WKHVHDXWKRUVWKHPRGHOLVEDVHGRQVHYHUDODVVXPSWLRQVLQWHUPVRI
UKHRORJ\RIWKHOLWKRVSKHUHGLVSODFHPHQWVYHFWRUVDQGORFDOVWUDLQSDUWLWLRQLQJHIIHFWV7KH
VLPXODWHGVWUHVVÀHOGVKRXOGWKHUHIRUHEHUHJDUGHGDVDYHU\VLPSOLÀHGSLFWXUHFRPSDUHG
WRUHDOLW\2QDODUJHUVFDOHKRZHYHUWKHLQWUDSODWH/DQJKLDQVWUHVVÀHOGFORVHO\PDWFKHV
ZLWKSDOHRVWUHVVDQDO\VLV IURPHDVWHUQ6SDLQ ÀJJ%HUJHUDW6LPRQ*RPH]
'H5XLJ /HWRX]H\ 2WWG·(VWHYRX DQG*DOLQGR=DOGLYDUHWDO
LQGLFDWLQJWKDWWKHFKRVHQPRGHOPLJKWEHDUHDVRQDEOHDSSUR[LPDWLRQ
,QVXPPDU\ZHSURSRVHWKDW'WRS6:GHIRUPDWLRQLVOLQNHGWRWKHIRUPDWLRQ
RI WKH$SHQLQQHVDVDFRQVHTXHQFHRI WKHRSHQLQJRI WKH7K\UUHQLDQEDVLQGXULQJ WKH
/DQJKLDQ7KLVWLPLQJLVLQDFFRUGDQFHZLWKWKHPRGHORI0HUOHDQG%UXQZKR
SURSRVHD0LRFHQHDJHIRUWKHODWHWRS6:HPSODFHPHQWLQWKH(PEUXQDLV8ED\HQDSSH
VWDFN7RS6:GLUHFWHGWKUXVWLQJZLWKLQWKHVRXWKHUQVXEDOSLQHFKDLQVSRVVLEO\JXLGHGE\
+HUF\QLDQVWUXFWXUHVDWWKHERUGHURI0DVVLIFHQWUDO*UDWLHUPLJKWEHFRQVLGHUHGDV
&+$37(5
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WKHUHVSRQVHRIWKH'DXSKLQRLVGRPDLQWRRURJHQ\LQWKH$SSHQLQHV

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&RQFOXVLRQV
 7KHSUHVHQWVWXG\KDVUHYHDOHGWKDWWKHDUHDEHWZHHQWKH3HOYRX[DQG$UJHQWHUD
PDVVLIVVXIIHUHGWKHHIIHFWVRIVHYHUDOVXFFHVVLYHGHIRUPDWLRQDOHYHQWV
7KHÀUVWGHIRUPDWLRQ IHDWXUHVGHVFULEHG LQ WKLV FRQWULEXWLRQ DUH UHODWHG WR WKH
3\UHQHDQRURJHQ\LHWKH3\UHQHDQSKDVH7KH\KDYHEHHQUHFRJQL]HGLQWKH0HVR]RLF
VHGLPHQWDU\FRYHURIWKH'DXSKLQRLVGRPDLQDQGZLWKLQWKHH[WHUQDOFU\VWDOOLQHPDVVLIV
DVHYLGHQFHGE\LQYHUWHGSDOHRJUDEHQV
7KHVWUXFWXUHV UHODWHG WR WKLVHDUO\SKDVHKDYHEHHQ LQWHQVLYHO\RYHUSULQWHGE\
$OSLQHGHIRUPDWLRQVHQVXVVWULFWROLQNHGWRDFWLYLW\DORQJWKH5RVHOHQGWKUXVW&HULDQL
HWDO7KLVODVWVWUXFWXUHKDVEHHQDFWLYHGXULQJ:1:GLUHFWHGGLVSODFHPHQWVRI
WKH$SXOLDQLQGHQWHUDQGLVNLQHPDWLFDOO\OLQNHGWRGH[WUDOPRYHPHQWVDORQJWKH5KRQH
6LPSORQOLQHDQGVLQLVWUDOPRYHPHQWVDWWKHUHDURIWKH$UJHQWHUDPDVVLI
)LQDOO\ 6:GLUHFWHG GLVSODFHPHQWV D SHFXOLDU IHDWXUH RQO\ UHFRUGHG LQ WKLV
SRUWLRQRI WKH:HVWHUQ$OSVDUHFOHDUO\ ODWHUFRPSDUHG WRDFWLYLW\DORQJ WKH5RVHOHQG
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D'HSDUWPHQWRI*HRVFLHQFHV%DVHO8QLYHUVLW\&+%DVHO6ZLW]HUODQG
E*HRORJLFDO,QVWLWXWH(7+=ULFK&+=ULFK6ZLW]HUODQG
&RUUHVSRQGLQJDXWKRU
*KLVODLQ7UXOOHQTXH
'HSWRI*HRVFLHQFHV
%DVHO8QLYHUVLW\
%HUQRXOOLVWU
&+%DVHO
6ZLW]HUODQG
7HO
)D[
(PDLOJKLVODLQWUXOOHQTXH#XQLEDVFK
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
FDOFLWHPLFURVWUXFWXUHFU\VWDOORJUDSKLFSUHIHUUHGRULHQWDWLRQVKDSHSUHIHUUHGRULHQWDWLRQ
VKHDUNLQHPDWLFVFRD[LDODQGQRQFRD[LDOGHIRUPDWLRQWH[WXUHJRQLRPHWU\&,3
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$EVWUDFW
0LFURIDEULFVZHUH DQDO\VHG LQ FDOFLWHP\ORQLWHV IURP WKH ULP RI WKH 3HOYRX[
PDVVLI :HVWHUQ$OSV )UDQFH:1:GLUHFWHG HPSODFHPHQW RI WKH LQWHUQDO 3HQQLQLF
XQLWV RQWR WKH 'DXSKLQRLV GRPDLQ KDV OHDG WR LQWHQVH GHIRUPDWLRQ RI DQ (RFHQHDJH
QXPPXOLWLF OLPHVWRQHXQGHU ORZHU DQFKL]RQHPHWDPRUSKLF FRQGLWLRQV VOLJKWO\EHORZ
&7ZRW\SHVRIPLFURIDEULFVGHYHORSHGGXULQJGHIRUPDWLRQXQGHUFRD[LDORUQRQ
FRD[LDONLQHPDWLFVUHVSHFWLYHO\SULPDULO\E\GLVORFDWLRQFUHHSDFFRPSDQLHGE\G\QDPLF
UHFU\VWDOOL]DWLRQLQWKHDEVHQFHRIWZLQQLQJ&RD[LDONLQHPDWLFVDUHLQIHUUHGIRUVDPSOHV
H[KLELWLQJJUDLQVKDSHIDEULFVDQG WH[WXUHVZLWKRUWKRUKRPELFV\PPHWU\7KHLU WH[WXUH
LVFKDUDFWHUL]HGE\WZRFD[LVPD[LPDDWWKHSHULSKHU\RIWKHSROHÀJXUHV\PPHWULFDOO\
RULHQWHGDWIURPWKHQRUPDOWRWKHPDFURVFRSLFIROLDWLRQ1RQFRD[LDOGHIRUPDWLRQ
LV HYLGHQW LQ VDPSOHVZLWKPRQRFOLQLF VKDSH IDEULFV DQG WH[WXUHV FKDUDFWHUL]HG E\ D
VLQJOHREOLTXH FD[LVPD[LPXP WLOWHGZLWK WKH VHQVHRI VKHDUE\DERXW )URP WKH
DQDO\VLVRIVXLWDEO\RULHQWHGVOLSV\VWHPVIRUWKHPDLQWH[WXUHFRPSRQHQWVXQGHUJLYHQ
NLQHPDWLFVLWLVLQIHUUHGWKDWWKHRUWKRUKRPELFWH[WXUHVGHYHORSHGLQFRD[LDONLQHPDWLFV
IDYRXUDFWLYLW\RI!DQG!VOLSDORQJWKHIDQGUSODQHVUHVSHFWLYHO\ZLWK
PLQRU FRQWULEXWLRQVRIEDVDOD! VOLS ,Q FRQWUDVW WKHPRQRFOLQLF WH[WXUHVGHYHORSHG
GXULQJ VLPSOH VKHDU DUHPRVW VXLWHG IRU GXSOH[ D! VOLS DORQJ WKH EDVDO SODQH7KH
WUDQVLWLRQEHWZHHQRUWKRUKRPELFDQGPRQRFOLQLFPLFURIDEULFVLVLQWHUSUHWHGWREHGXHWR
WKHHIIHFWVRIG\QDPLFUHFU\VWDOOL]DWLRQXSRQWH[WXUHGHYHORSPHQW&DOFLWHWH[WXUHVDORQH
VKRXOGQRWEHXVHGDVXQHTXLYRFDOVKHDUVHQVHLQGLFDWRUVEXWQHHGWREHFRPSOHPHQWHG
E\PLFURVWUXFWXUDOFULWHULDVXFKDVVKDSHSUHIHUUHGRULHQWDWLRQVJUDLQVL]HHVWLPDWHVDQG
DPRXQWRIWZLQQLQJ
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,QWURGXFWLRQ
0LFURIDEULFV LH PLFURVWUXFWXUHV DQG WH[WXUHV DUH LPSRUWDQW UHFRUGV RI
GHIRUPDWLRQFRQGLWLRQVDQGNLQHPDWLFVLQGHIRUPHGURFNV7KHWHUPWH[WXUHLVUHIHUUHG
KHUHSDUWLFXODUO\ WRFU\VWDOORJUDSKLFSUHIHUUHGRULHQWDWLRQV &32DVEHLQJXVHG VHQVX
VWULFWR LQPDWHULDOV VFLHQFHV %XQJH &DOFLWHPLFURIDEULFVDUHSDUWLFXODUO\XVHG
WR FKDUDFWHUL]H GHIRUPDWLRQ XQGHU ORZJUDGH PHWDPRUSKLF FRQGLWLRQV ZKHUH RWKHU
PLQHUDOV GR QRW GHIRUP E\ GXFWLOH ÁRZ EXW VKRZ FDWDFODVWLF GHIRUPDWLRQ ZLWKRXW
G\QDPLFUHFU\VWDOOL]DWLRQ'LIIHUHQWWH[WXUHW\SHVZHUHGLVWLQTXLVKHGIRU´KLJKµRU´ORZµ
WHPSHUDWXUHGHIRUPDWLRQRIFDOFLWH:HQNHWDO/HLVVHWDO
7KHUHKDVEHHQFRQVLGHUDEOHGHEDWHDERXW WKH LQWHUSUHWDWLRQRIV\PPHWU\YHUVXV
DV\PPHWU\ RI FDOFLWH WH[WXUHV DQG WKHLU NLQHPDWLF VLJQLÀFDQFH DV LQGLFDWRUV IRU SXUH
VKHDURU VLPSOH VKHDUGHIRUPDWLRQ .HUQ	:HQN :HQNHWDO (UVNLQHHW
DO5DWVFKEDFKHUHWDO%HVWPDQQHWDO&DOFLWHWH[WXUHVLQQDWXUDOO\
DQG H[SHULPHQWDOO\GHIRUPHG URFNVPRVWRIWHQ H[KLELW FD[LVPD[LPD URWDWHG DJDLQVW
WKHVHQVHRIVKHDU6FKPLGHWDO/DIUDQFHHWDO&DVH\HWDO
+RZHYHU WKHUHDUHDOVR WH[WXUHV UHSRUWHGZLWK FD[LVPD[LPDHLWKHURULHQWHGH[DFWO\
QRUPDOWRWKHVKHDUGLUHFWLRQ3LHULHWDODE%DUQKRRUQHWDORUHYHQVOLJKWO\
URWDWHGZLWKWKHVHQVHRIVKHDU/DIUDQFHHWDO%HVWPDQQHWDO%HFDXVHRI
VXFKDPELJXLWLHV/DIUDQFHHWDOJHQHUDOO\TXHVWLRQHGWKHDSSOLFDELOLW\RIFDOFLWH
WH[WXUHVDVVKHDUVHQVHFULWHULD)XUWKHUFRQIXVLRQDULVHVIURPLQFRQVLVWHQF\LQGHÀQLQJ
WKH VDPSOH UHIHUHQFH IUDPH LHZKHWKHU WKH IROLDWLRQRU WKH VKHDU]RQHERXQGDU\DUH
WDNHQDVWKHUHIHUHQFHSODQHZKLFKDUHDSSUR[LPDWHO\SDUDOOHORQO\DIWHUODUJHÀQLWHVKHDU
VWUDLQ7H[WXUHVZLWKFD[LVPD[LPDQRUPDOWRWKHIROLDWLRQRUV\PPHWULFDOO\LQFOLQHGLQ
WZRFRQMXJDWHRULHQWDWLRQVZLWKUHVSHFWWRIROLDWLRQDQGOLQHDWLRQKDYHEHHQLQWHUSUHWHGDV
LQGLFDWLQJSXUHVKHDUGHIRUPDWLRQ.HUQ	:HQN:HQNHWDO5DWVFKEDFKHU
7KLV LQWHUSUHWDWLRQ LVQRWXQDPELJXRXVDV WKHUHDUHDOVR WH[WXUHVUHSRUWHGZLWK
FD[LV SDWWHUQV RI RUWKRUKRPELF RU HYHQ D[LDO V\PPHWU\ IURP VKHDU ]RQHV WKDW VKRZ
FRQYLQFLQJHYLGHQFHIRUQRQFRD[LDOGHIRUPDWLRQHJ%HVWPDQQHWDO+RZHYHU
WKHLQYHUVHFRQFOXVLRQLVFHUWDLQO\DSSOLFDEOHQDPHO\WKDWSXUHVKHDUGHIRUPDWLRQRIDQ
LQLWLDOO\LVRWURSLFDJJUHJDWHPXVWOHDGWRIDEULFVZLWKDWOHDVWRUWKRUKRPELFV\PPHWU\
$QDORJRXVO\VLPSOHVKHDUPXVWUHVXOWLQIDEULFVWKDWSRVVHVVDWOHDVWPRQRFOLQLFV\PPHWU\
EXW WKH\PD\KDYHKLJKHUHJRUWKRUKRPELFV\PPHWU\7RUVLRQH[SHULPHQWV3LHULHW
DODE%DUQKRRUQHWDOGHPRQVWUDWHGWKDWRQHDQGWKHVDPHVLPSOHVKHDU
NLQHPDWLFVDQGLGHQWLFDOGHIRUPDWLRQFRQGLWLRQVUHVXOWLQFDOFLWHWH[WXUHVZLWKPRQRFOLQLF
V\PPHWU\DWORZVWUDLQZKLFKHYROYHLQWRWH[WXUHVZLWKHLWKHURUWKRUKRPELFRUPRQRFOLQLF
V\PPHWU\DWKLJKVWUDLQ
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$SDUWIURPWH[WXUHDZLGHYDULHW\RIPLFURVWUXFWXUDOIHDWXUHVDUHSRWHQWLDONLQHPDWLF
LQGLFDWRUVLQGHIRUPHGURFNVHJ3DVVFKLHUDQG7URXZ,QPRQRSKDVHDJJUHJDWHV
LW LVSDUWLFXODUO\ WKHJUDLQVKDSH IDEULFKHUH UHIHUUHG WRDVVKDSHSUHIHUUHGRULHQWDWLRQ
6322UWKRUKRPELF632DUHJHQHUDOO\ LQGLFDWLYHRIGRPLQDQWO\FRD[LDOGHIRUPDWLRQ
ZKHUHDVPRQRFOLQLF 632 DUH LQGLFDWLYH RI GRPLQDQWO\ QRQFRD[LDO GHIRUPDWLRQ IRU
FDOFLWHVHH6FKPLGHWDO/DIUDQFHHWDO%HVWPDQQHWDO3LHULHWDO
DE7RUVLRQH[SHULPHQWV%DUQKRRUQHWDOGHPRQVWUDWHGWKDWDPRQRFOLQLF
632HVWDEOLVKHVDQGUHPDLQVVWDEOHXQGHUVKHDUGHIRUPDWLRQXSWRYHU\ODUJHVWUDLQ
7KLVSDSHUGHVFULEHVPLFURVWUXFWXUHVDQGWH[WXUHVDQDO\]HGLQVDPSOHVRIQDWXUDOO\
GHIRUPHGOLPHVWRQHP\ORQLWHVFROOHFWHGDORQJWZRSURÀOHVDFURVVWKH5RFKHUGHO·<UHW
VKHDU]RQHDWWKHULPRIWKH3HOYRX[PDVVLI:HVWHUQ$OSV0LFURIDEULFVDQGÀHOGHYLGHQFH
FOHDUO\LQGLFDWHGLVWLQJXLVKDEOHFDVHVIRUVLPSOHDQGSXUHVKHDUGRPLQDWHGGHIRUPDWLRQ
IRUWKHWZRVDPSOHVHULHVUHVSHFWLYHO\ZKLFKVKRXOGKDYHRFFXUUHGVLPXOWDQHRXVO\XQGHU
WKH VDPH WHPSHUDWXUHDQGFRPSDUDEOH VWUDLQ UDWHV ,W LVFRQFOXGHG WKDW WKH V\VWHPDWLF
GLIIHUHQFHVREVHUYHGLQPLFURVWUXFWXUHDQGWH[WXUHDUHGXHWRGLIIHUHQWGHIRUPDWLRQSDWKV
+HQFHWKHWZRVHULHVRIVDPSOHVPD\VHUYHDVSURWRW\SHVRIGLVWLQFWW\SHVRIWH[WXUHVWKDW
DUHLQGLFDWLYHRIWKHNLQHPDWLFVRIGHIRUPDWLRQ
*HRORJLFDOIUDPHZRUNRIWKHVWXG\DUHD
5HJLRQDO6HWWLQJ
7KH5RFKHUGHO·<UHW6KHDU=RQH5<6=VLWXDWHGDWWKHHDVWHUQULPRIWKH3HOYRX[
PDVVLI:HVWHUQ$OSV)UDQFHÀJVHSDUDWHVWKH'DXSKLQRLVGRPDLQIURPWKH3HQQLQLF
XQLWVDQGIRUPVSDUWRIWKH3HQQLQH3HQQLQLF)URQW0HUOHDQG%UXQ0RVDUHWDO
%DJQRXGHWDODOVRUHIHUUHGWRDV3HQQLQH3HQQLQLF)URQWDOWKUXVW6SHQFHU
6HZDUGDQG0DQFNWHORZ%UJLVVHUDQG)RUG$FFRUGLQJ WR&HULDQL
HW DO  WKLV WKUXVW IRUPHUO\ UHSUHVHQWHG D VXWXUH ]RQH EHWZHHQ 'DXSKLQRLV DQG
%ULDQoRQQDLV6XEULDQoRQQDLVDFWLYHGXULQJ(RFHQHWLPHVDQGUHODWHGWRWKHVXEGXFWLRQ
RIWKH9DODLVDQ2FHDQ7KH9DODLVDQRFHDQLFGRPDLQZDVFORVHGLQVLQLVWUDOWUDQVSUHVVLRQ
DVVRFLDWHGZLWKDWRSWRWKHQRUWKVHQVHRIPRYHPHQW'XULQJDVHFRQGGHIRUPDWLRQVWDJH
2OLJR0LRFHQH:1:GLUHFWHG WKUXVWLQJ DORQJ WKH HQWLUH:HVWHUQ$OSV RQ DPDMRU
RXWRIVHTXHQFHWKUXVWWKH5RVHOHQGWKUXVWFRPSOHWHO\UHZRUNHGWKH3HQQLQLFIURQW,Q
SDUWLFXODUFDOFLWHP\ORQLWHVZHUHIRUPHGLQ(RFHQHVHGLPHQWVQXPPXOLWLFOLPHVWRQHRQ
WRSRIDUHJLRQDOXQFRQIRUPLW\ZKLFKFXWVDFURVVWKH-XUDVVLFVHGLPHQWVLQWRWKHEDVHPHQW
DQGLVGHÀQHGE\WKHGHSRVLWLRQRIDGHWULWDOFDOFLWLFFRQJORPHUDWH

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)LJXUH6LPSOLÀHGJHRORJLFDORYHUYLHZRIWKHDUFRIWKH:HVWHUQ$OSV$$UJHQWHUDPDVVLI&0
&RPEH\QRWPDVVLI0%0RQW%ODQFPDVVLI33HOYRX[PDVVLI55KRQH6LPSORQ OLQH66LPSORQ
QRUPDOIDXOW77RQDOHOLQH5<6=5RFKHUGHO·<UHWVKHDU]RQHDIWHU&HULDQLHWDODQG)URLW]KHLP
HWDO
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7HPSHUDWXUHFRQGLWLRQVGXULQJGHIRUPDWLRQ
7KHGHJUHHRI$OSLQHPHWDPRUSKLFRYHUSULQWRI WKH HDVWHUQ ULPRI WKH3HOYRX[
PDVVLIDVHVWLPDWHGE\$SUDKDPLDQ E\PHDQVRI LOOLWHFU\VWDOOLQLW\ ,&
PHDVXUHPHQWVRFFXUUHGXQGHUHSL]RQDOFRQGLWLRQV,&IRUWKH5<6=)XUWKHUPRUH
WHPSHUDWXUHVFDQ LQGLUHFWO\EHGHULYHG IURPDFRQWRXUHG]LUFRQÀVVLRQ WUDFN LVRFKURQ
PDSRIWKH:HVWHUQ$OSVFRPSLOHGE\)JHQVFKXKDQG6FKPLG7KHZKROHHDVWHUQ
ULPRI WKH3HOYRX[PDVVLI LV FKDUDFWHUL]HGE\ ]LUFRQÀVVLRQ WUDFN DJHVROGHU WKDQ 
0\LQGLFDWLQJWKDWWKHFRUUHVSRQGLQJURFNVKDGQRWEHHQH[SRVHGWRWHPSHUDWXUHVDERYH
WKHXSSHU OLPLWRI WKH ]LUFRQSDUWLDO DQQHDOLQJ ]RQH LH & 7DJDPL HW DO 
IRU 0\=LUFRQÀVVLRQ WUDFNGDWD IURP WKH%ULDQoRQQDLV DQG'DXSKLQRLVGRPDLQV
LPPHGLDWHO\VRXWKRIWKH5<6=6HZDUGHWDO\LHOGHGDJHVROGHUWKDQ0\
ZKLFK FOHDUO\ H[FOXGHVPHWDPRUSKLF WHPSHUDWXUHV DERYH & GXULQJ WKH 7HUWLDU\
+HQFH WHPSHUDWXUHVPXVWKDYHEHHQDURXQG&RUHYHQVOLJKWO\EHORZDURXQG WKH
ZKROHHDVWHUQULPRIWKH3HOYRX[PDVVLI3UHOLPLQDU\UHVXOWVEDVHGRQQHZ,&GDWDDQG
ÁXLG LQFOXVLRQ DQDO\VHV LQGLFDWH ORZ DQFKL]RQDOPHWDPRUSKLF FRQGLWLRQV 3RWHOSHUV
FRPPSXWWLQJ WKH HSL]RQDO FRQGLWLRQVSURSRVHGE\$SUDKDPLDQ   DJDLQ
XQGHUTXHVWLRQ
6WUXFWXUDOVHWWLQJ
$W WKH HDVWHUQ ULP RI WKH 3HOYRX[PDVVLI WKH5RVHOHQG WKUXVW 57 HQWHUV WKH
0HVR]RLFFRYHURIWKHH[WHUQDOPDVVLIV,WWKUXVWVWKH&RPEH\QRWPDVVLIWRJHWKHUZLWKLWV
(RFHQHVHGLPHQWDU\FRYHURYHUWKH3HOYRX[PDVVLIÀJ1HDUWKHRXWFURSLQYHVWLJDWHG
LQWKLVVWXG\WKH&RPEH\QRWPDVVLIZHGJHVRXWLQWRWKH5<6=ZKLFKLVDNLORPHWUHZLGH
VKHDU]RQHWKDWUHSUHVHQWVWKH57LQWKLVDUHD
7KH5<6=UHSUHVHQWVDQLPEULFDWHVWUXFWXUHFRQVLVWLQJRIWZRODUJHVOLFHVRIWKH
3HOYRX[PDVVLIWKHORZHU³*UDQJHWWHV´VOLFHDQGWKHXSSHU³0RQWDJQROOH´VOLFH*LJQRX[
DQG 0RUHW  *LGRQ  *LGRQ  %HDFK  )RUG  %XWOHU 
LQYHVWLJDWHGWKHXSSHUSDUWRIWKH³&UrWHGHO¶<UHW´VOLFHDQGKDVGHVFULEHG:1:GLUHFWHG
VKHDULQJRIQXPPXOLWLFOLPHVWRQHVLQDEDVHPHQWFRYHULPEULFDWHVWUXFWXUHIRUPLQJWKH
5RFKHUGHO¶<UHWVXPPLW¿J$FFRUGLQJWRRZQUHJLRQDOVWXGLHVVHHFKDSWHUWKLV
VXPPLWFRQVLVWVRIDWKLUGDQGYHU\WKLQEDVHPHQWVOLFHZKLFKLVDERXGLQDJHGVOLFHRI
WKH&RPEH\QRWPDVVLIWRJHWKHUZLWKLWV(RFHQHDJHVWUDWLJUDSKLFFRYHUZKLFKUHSUHVHQWV
WKHFDOFLWHP\ORQLWHVLQYHVWLJDWHGE\WKLVVWXG\7KUXVWLQJDORQJWKH57DGGLWLRQDOO\OHGWR
ORFDOVWULNHVOLSIDXOWVDIIHFWLQJWKHVHEDVHPHQWFRYHUERXGLQV
0RVWRI WKHVDPSOHVIRU WKLVVWXG\ZHUH WDNHQIURPDQRXWFURS ORFDOLW\ LQÀJ

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VLWXDWHGZLWKLQ WKH WRSPRVWSDUWVRI WKH5<6=,WH[SRVHVD OD\HURIP\ORQLWL]HG
QXPPXOLWLF OLPHVWRQH WKDW ZDV RULJLQDOO\ LQ VWUDWLJUDSKLF FRQWDFW ZLWK DQ LVRODWHG
&RPEH\QRWEDVHPHQWERXGLQ$WLWVQRUWKHUQHGJHWKLVEDVHPHQWFRYHUERXGLQLVFXWE\D
VLQLVWUDOVWULNHVOLS]RQHÀJD/LQHDWLRQVDQGDVVRFLDWHGVKHDUVHQVHFULWHULDLQGLFDWH
WRS:1:VKHDULQJRYHUWKHHQWLUHDUHDRIWKHRXWFURS'HIRUPDWLRQLQVLGHWKHFU\VWDOOLQH
EDVHPHQWZDVDFFRPPRGDWHGE\FDWDFODVWLFIDXOWLQJDQGRUÁRZÀJDEZKLFKLV
FRQVLVWHQWZLWKWKHORZJUDGHPHWDPRUSKLFFRQGLWLRQVZKLOHWKHQXPPXOLWLFOLPHVWRQH
XQGHUZHQWFU\VWDOSODVWLFGHIRUPDWLRQ
7KHPDLQ OLPHVWRQH OD\HU LV DFFHVVLEOH RYHU D KRUL]RQWDO GLVWDQFH RI DERXW 
PHWHUVVWULNLQJ11(66:,WVP\ORQLWLFWRXOWUDP\ORQLWLFIROLDWLRQLVSDUDOOHOWRLQWHUQDO
EHGGLQJDQG WR WKHRULJLQDO VWUDWLJUDSKLFFRQWDFWZLWK WKHEDVHPHQWERXGLQ7KH OD\HU
UHDFKHV DPD[LPXP WKLFNQHVV RI  FHQWLPHWHUV DW WKH VRXWKHUQ WHUPLQDWLRQ RI WKH
RXWFURS$EXQGDQWQXPPXOLWHVVHYHUDOPLOOLPHWHUVLQVL]HDUHSUHVHUYHGLQWKHERWWRP
FHQWLPHWHUVRIWKHVKHDUHGOLPHVWRQHOD\HU,QWKHYLFLQLW\WRWKHEDVDOFRQJORPHUDWHLW
DOVRFRQWDLQVDVLJQLÀFDQWSRUWLRQRIGHWULWDOTXDUW]7KLVTXDUW]FDOFLWHPL[WXUHGHYHORSV
DVWURQJVWUHWFKLQJOLQHDWLRQ3URJUHVVLYHGHYHORSPHQWRIDP\ORQLWLFIROLDWLRQSDUDOOHOWR
&+$37(5

"A
SE
M
EN
T
#A
TA
CL
AS
ITE
S
.
UM
M
UL
ITI
C 
LIM
ES
TO
NE
 
M
-
AP
 6
IE
W
1
0R
OF
ILE
 
0R
OF
ILE
 
-
09

'
TC
SF

'
TA
B
-
09
 -
09
 -
09

"A
SE
M
EN
T
#A
TA
CL
AS
ITE
S
"A
SA
L C
ON
GL
OM
ER
AT
E
3I
NI
ST
RA
LLY
 D
EF
OR
M
ED
 N
UM
M
UL
ITI
C
LIM
ES
TO
NE
 E
VO
LV
IN
G 
IN
 A
N 
UL
TR
AM
YL
ON
ITI
C
BA
ND
 P
AR
AL
LE
L T
O 
TH
E 
FA
UL
T P
LA
NE
 
M
-
AP
 6
IE
W
1
.
UM
M
UL
ITI
C 
LIM
ES
TO
NE
"A
SE
M
EN
T
#A
TA
CL
AS
ITE
S
"A
SA
L C
ON
GL
OM
ER
AT
E
5
LTR
AM
YL
ON
ITI
C
BA
ND
0R
OF
ILE
 
0R
OF
ILE
 
A	
B	
C	
&A
UL
T P
LA
NE
S
ST
RIA
TIO
NS
3A
  
3T
RE
TC
HI
NG
 LI
NE
AT
IO
NS
3A
  
3T
RE
TC
HI
NG
 LI
NE
AT
IO
NS

&+$37(5
WKHEHGGLQJSODQHFDQEHREVHUYHGDWLQFUHDVLQJGLVWDQFHIURPWKHEDVHPHQWDQGWRZDUGV
WKH(6('HFUHDVLQJDPRXQWVRIUHFRJQL]DEOHQXPPXOLWHVKHOOVFRUUHODWHZLWKLQFUHDVLQJ
GHJUHH RI G\QDPLF UHFU\VWDOOLVDWLRQ LQ FDOFLWH ZKLFK LV DOVR LQWHUSUHWHG DV D VWURQJ
JUDGLHQWLQÀQLWHVWUDLQGLUHFWHGQRUPDOWRIROLDWLRQ,QWKLVSDUWRIWKHRXWFURSVDPSOLQJ
ZDVFDUULHGRXWDORQJDWUDYHUVHQRUPDOWRWKHIROLDWLRQSURÀOHÀJE
7KHVWULNHVOLS]RQHH[SRVHGLQWKHQRUWKHUQSDUWRIWKHRXWFURSLVDVVRFLDWHGZLWK
WKH IRUPDWLRQRI DEDVHPHQWFRYHU LPEULFDWH VWUXFWXUH%\ DSSURDFKLQJ WKH VWULNHVOLS
IDXOW ZKLFK FDWDFODVWLFDOO\ GLVVHFWV WKH EDVHPHQW XQLWV WKH OLPHVWRQH LV LQWHQVLYHO\
VKHDUHGLQDVLQLVWUDOVHQVH7KHXSSHUOHYHOVRIWKHOD\HUDUHSURJUHVVLYHO\EHQWDURXQGWKH
EDVHPHQWVOLFHDQGIRUPDQXOWUDP\ORQLWLFEDQGSDUDOOHOWRWKHIDXOWSODQH7KLVXQLWVKRZV
QXPHURXVLVRFOLQDOIROGVWRJHWKHUZLWKD:1:RULHQWHGVWUHWFKLQJOLQHDWLRQGHÀQHGE\
TXDUW]JUDLQV:HVDPSOHGWKHXSSHUSDUWRIWKHOLPHVWRQHOD\HUVDORQJVWULNHLHIURP
WKHLULQLWLDOSRVLWLRQRQWRSRIWKHEDVHPHQWVOLFHVWRZDUGVWKHXOWUDP\ORQLWLFEDQGSURÀOH
ÀJF
7KH WUDQVLWLRQ LQRULHQWDWLRQRIERWKIROLDWLRQVDQGVWUHWFKLQJ OLQHDWLRQV LVUDWKHU
JUDGXDOEHWZHHQ WKH ORFDWLRQVRISURÀOH  VWHHSO\SOXQJLQJ VWUHWFKLQJ OLQHDWLRQ DQG
SURÀOH PRVWO\KRUL]RQWDORUVKDOORZO\SOXQJLQJVWUHWFKLQJ OLQHDWLRQ7KLV LQGLFDWHV
WKDWGHIRUPDWLRQRIWKHOLPHVWRQHOD\HUZDVFRHYDOLQSURÀOHVDQG
$ SDOHRVWUHVV DQDO\VLVZDV SHUIRUPHG IRU D VHW RI  FRJHQHWLF IDXOW SODQHV




 
)LJXUH
D3KRWRPLFURJUDSKRIWKHEDVHPHQWFDWDFODVWLFURFN
E'HWDLOHGYLHZRIWKHEDVHPHQWFDWDFODVLWHDORQJWKHPDLQVWULNHVOLSIDXOWSODQH
)LJXUH
D 6WUXFWXUDO VFKHPH RI WKH LQYHVWLJDWHG RXWFURS DW VDPSOLQJ ORFDOLW\  )DXOW SODQH RULHQWDWLRQVZLWK
VWULDWLRQVRIWKHPDLQVWULNHVOLS]RQHDUHUHSRUWHG
E0DSRISURÀOH ZLWK ORFDWLRQRI VDPSOHV03<03<03<PDFURVFRSLF IROLDWLRQV6DZLWK
VWUHWFKLQJOLQHDWLRQVRIQXPPXOLWLFOLPHVWRQH
F0DSRISURÀOHZLWKORFDWLRQRIVDPSOHV*WDE*WFVIDQG03<PDFURVFRSLFIROLDWLRQV6DZLWK
VWUHWFKLQJOLQHDWLRQVRIQXPPXOLWLFOLPHVWRQH
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GLVVHFWLQJEDVHPHQWERXGLQVDQGWKHLU(RFHQHFRYHU7KLVDQDO\VLVZDVFDUULHGRXWXVLQJ
7HFWRQLF9%VRIWZDUH>@LQFOXGLQJLQYHUVLRQPHWKRGV$QJHOLHUDQG0HFKOHU7KH
UHVXOWVÀJVKRZDYHUDJHRULHQWDWLRQVRImDW1DQGRImDW1ZKLFK
DUHFRQVLGHUHGWREHUHSUHVHQWDWLYHIRUWKHRULHQWDWLRQRIWKHEXONVWUHVVWHQVRUDWDODUJHU
VFDOHLQWKHZKROH5<6=7KURXJKRXWWKHRXWFURSIROLDWLRQSODQHVURXJKO\LQWHUVHFWLQ
WKHLQWHUPHGLDWHVWUHVVD[LVmZKLOHVWUHWFKLQJOLQHDWLRQVDUHDERXWSHUSHQGLFXODUWRLW



$Y
)R
$6/



SODQH
$Y )R 03<
03<
03<
$Y )R
$6/



SODQH
$Y )R
*7DE
*7FVI
03<
)DXOW SODQHV DQG VWULDWLRQV
3URILOH 
$YHUDJH )ROLDWLRQ 
$YHUDJH 6WUHWFKLQJ /LQHDWLRQ 
$QJOH $YHUDJH )ROLDWLRQ 
$QJOH $YHUDJH )ROLDWLRQ 
3URILOH 
$YHUDJH )ROLDWLRQ 
$YHUDJH 6WUHWFKLQJ /LQHDWLRQ 
$QJOH $YHUDJH )ROLDWLRQ 
$QJOH $YHUDJH )ROLDWLRQ 
3DOHRVWUHVV GHWHUPLQDWLRQ
)LJXUH3DOHRVWUHVVDQDO\VLVLQWKHEDVHPHQWDGMDFHQWWROLPHVWRQHP\ORQLWHV3%DQG7D[HVGHULYHG
IURPLQGLYLGXDOIDXOWSODQHVDYHUDJHRULHQWDWLRQRIWKHSULQFLSDOVWUHVVD[HVm1m1
m 1 DUH VXSHUSRVHG RYHU  SURMHFWLRQV RIPDFURVFRSLF IROLDWLRQV ODEHOHG JUHDW FLUFOHV DQG
VWUHWFKLQJOLQHDWLRQVRSHQEDOOVIURPSURÀOHVDQGRQDYHUDJHDQGIRUWKHVWXGLHGVDPSOHV
&RQWRXUVRImmDQGmDUHJLYHQLQPXOWLSOHVRIDXQLIRUPGLVWULEXWLRQZLWKDFRQWRXULQWHUYDORI
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ZLWKLQWKHmmSODQH)RUSURÀOHWKHDYHUDJHVWUHWFKLQJOLQHDWLRQIDOOVFORVHWRm
ZKLOH WKHDYHUDJH IROLDWLRQ LVRULHQWHG VXEQRUPDO WRm6XFKDNLQHPDWLF IUDPHZRUN
LVFRPSDWLEOHZLWKFRD[LDOGHIRUPDWLRQ)RUWKHXOWUDP\ORQLFEDQGRISURÀOHmDQG
mIDOODWLQWHUPHGLDWHURXJKO\DQJOHVWRWKHDYHUDJHIROLDWLRQDQGWRWKHDYHUDJH
VWUHWFKLQJOLQHDWLRQRIWKHP\ORQLWLFOD\HU7KLVNLQHPDWLFIUDPHZRUNLVLQGLFDWLYHRIQRQ
FRD[LDOGHIRUPDWLRQ,IGHIRUPDWLRQZHUHUHVWULFWHGWRSODQHVWUDLQIRUZKLFKZHGRQRW
KDYHXOWLPDWHO\GHFLVLYHLQGLFDWLRQVWKHQSURÀOHVDQGFRXOGEHUHODWHGWRSXUHVKHDU
UHVSHFWLYHO\VLPSOHVKHDUGRPLQDWHGNLQHPDWLFV
0HWKRGVRILQYHVWLJDWLRQ
6DPSOHV ZHUH FXW QRUPDO WR WKHPDFURVFRSLF IROLDWLRQ 6D DQG SDUDOOHO WR WKH
VWUHWFKLQJOLQHDWLRQ;=VHFWLRQV$SSUR[LPDWHO\PWKLFNXOWUDWKLQVHFWLRQVVKRZLQJ
¿UVW RUGHU JUH\ LQ FDOFLWH LQ FURVVHG SRODULVHG OLJKWZHUH SUHSDUHG IRUPLFURVWUXFWXUDO
DQDO\VLV DQG IRU PDSSLQJ RI FD[LV RULHQWDWLRQV E\ FRPSXWHU LQWHJUDWHG SRODUL]DWLRQ
&,3PLFURVFRS\3DQR]]R+HLOEURQQHUDQG3DXOL9HFWRULVDWLRQRIJUDLQ
ERXQGDULHVZDVSHUIRUPHGRQGLJLWDOPLFURJUDSKVXVLQJD FRPELQDWLRQRI1,+ ,PDJH
>@DQGRZQVRIWZDUH2QDYHUDJHDERXWSDUWLFOHVZHUHHYDOXDWHGSHUVDPSOH WR
GHWHUPLQHWKHLU632DQGJUDLQVL]HGLVWULEXWLRQV7KHSUHIHUUHGRULHQWDWLRQRIWKHJUDLQ
ORQJD[HVZDVGHWHUPLQHGXVLQJWKH3$525PHWKRGZKLOHWKHSUHIHUUHGRULHQWDWLRQRI
JUDLQ ERXQGDU\ VXUIDFHV ZDV DQDO\VHG XVLQJ WKH SURJUDP 685)25 3DQR]]R 
 7KH GHWHUPLQDWLRQ RI SDUWLFOH JUDLQ VL]HV ZDV SHUIRUPHG XVLQJ WKH SURJUDP
675,367$5>@
3ROHÀJXUHVZHUHPHDVXUHGZLWKD6,(0(16';UD\WH[WXUHJRQLRPHWHULQ
UHÁH[LRQDQGWUDQVPLVVLRQPRGHVIRUWKUHHFU\VWDOORJUDSKLFSODQHVU^`D^`
DQG K^` IRUHDFK VDPSOH/DWWLFHSODQHVDQGGLUHFWLRQVDUHGHVLJQDWHGKHUHE\
0LOOHU%UDYDLVKH[DJRQDOLQGLFHVUHIHUULQJWRWKHVWUXFWXUDOKH[DJRQDOXQLWFHOOZLWKD[LDO
UDWLRFD DVFODVVLÀHGE\:\FNRII(PSLULFDOFRUUHFWLRQVIRUGHIRFXVLQJ
LQUHÁHFWLRQPRGHDQGIRUVFDWWHULQJYROXPHLQWUDQVPLVVLRQPRGHZHUHDSSOLHGEHIRUH
PHUJLQJ LQWR FRPSOHWH SROH ÀJXUHV7KH RULHQWDWLRQ GLVWULEXWLRQ IXQFWLRQ 2')ZDV
FDOFXODWHGXVLQJERWK0(17(;6FKDHEHQDQG%($57(;:,09:HQNHWDO
VRIWZDUHDQGVHOHFWHG2')VHFWLRQVDUHGLVSOD\HGE\LQWHQVLW\FRQWRXUSORWV7KH
DSSOLHGFRQYHQWLRQIRU(XOHUDQJOHVs\sUHODWHVWRWKHRQH \ GHÀQHGE\
&DVH\KLV)LJDQG%XQJHE\s  DQGs  DVWKHFU\VWDO
FRRUGLQDWHD[LV;FLVSODFHGKHUHSDUDOOHOWRDLQVWHDGRIP3ROHÀJXUHVZHUHUHFDOFXODWHG
IURPWKH2')IRUWKHWKUHHPHDVXUHGUHÁHFWLRQVDQGDGGLWLRQDOO\IRUWKHEDVDODQG
WKHISODQHV^`IRUWKHLQIHUUHGVOLSGLUHFWLRQVVG!DQGVG!DQG
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
DOVRLQYHUVHSROHÀJXUHVIRUSDUWLFXODUVSHFLPHQGLUHFWLRQV$OOSROHÀJXUHVDQGLQYHUVH
SROHÀJXUHVZHUH WUHDWHGZLWK LQYHUVLRQ V\PPHWU\H[FHSW IRU WKH UHFDOFXODWHG D
!DQG²D!QRQUHGXFHGSROHÀJXUHV$OOÀJXUHVDUHGLVSOD\HGXVLQJHTXDO
DUHDSURMHFWLRQVRIWKHXSSHUKHPLVSKHUH
7KHPHDVXUHGRULHQWDWLRQGLVWULEXWLRQVZHUHFRPSDUHGWRLGHDOLVHGWH[WXUHVZKLFK
DUHPRGHOOHGWREHFRPSRVHGRIDIHZFRPSRQHQWVDURXQGÀ[HGLGHDOFU\VWDORULHQWDWLRQV
XVLQJ*DXVVLDQVWDQGDUGGLVWULEXWLRQVRIFRQVWDQWDQGLVRWURSLFDQJXODUVSUHDGKDOIZLGWK
RIVRIWZDUHSDFNDJH%($57(;:HQNHWDO7KHVHPRGHOWH[WXUHVVKRXOGEH
UHJDUGHGRQO\DVÀUVWDSSUR[LPDWLRQIRUDFRPSOHWHFRPSRQHQWÀWDFFRUGLQJWRPHWKRGV
GHYHORSHGE\+HOPLQJ3ROHÀJXUHVLGHDOSROHÀJXUHVDQG2')VHFWLRQVRIWKHVH
PRGHOWH[WXUHVZHUHGLVSOD\HGDQDORJRXVO\WRWKRVHRIWKHFRUUHVSRQGLQJVDPSOHV
0LFURVWUXFWXUHDQGWH[WXUHRIQXPPXOLWLFOLPHVWRQHP\ORQLWHV
0LFURVWUXFWXUHVDQGWH[WXUHVLQOLPHVWRQHP\ORQLWHVZHUHTXDQWLWDWLYHO\GHVFULEHG
IRUDERXWFROOHFWHGDQGDQDO\VHGVSHFLPHQVDORQJWKH5RVHOHQG7KUXVWVHHFKDSWHU
DQGDSSHQGL[%,QWKLVKXJHGDWDVHWWH[WXUDODQGPLFURVWUXFWXUDOFKDUDFWHULVWLFVDUH
ODUJHO\UHSHWLWLYHDQGFOXVWHUDURXQGWZRVLPLODUEXWGLVWLQFWW\SHVZKLFKDUHUHSUHVHQWHG
KHUHE\VDPSOHVIURPSURÀOHVDQGRI ORFDOLW\6RPHRWKHUFDVHVDUHH[HPSOLÀHG
KHUHE\RQHVDPSOH6DDIURPORFDOLW\7KHSURWROLWKSULRUWRVKHDU]RQHIRUPDWLRQ
LVFKDUDFWHULVHGE\RQHZHDNO\GHIRUPHGVDPSOHDZKLFKFRQWDLQVWKHVHGLPHQWDU\
FRPSRQHQWVVWLOOSUHVHUYHG
7H[WXUHVWUHQJWKDQGGHJUHHRIIDEULFDQLVRWURS\JHQHUDOO\LQFUHDVHZLWKGLVWDQFH
IURPWKHEDVHPHQWZKLFKZLOOEHLQWHUSUHWHGDOVRDVJUDGLHQWVLQÀQLWHVWUDLQDQGDPRXQW
RIUHFU\VWDOOLVDWLRQ7KHWKUHHVDPSOHVVHOHFWHGIRUHDFKRIWKHWZRSURÀOHVFKDUDFWHUL]H
WKHVHJUDGLHQWV
3URWROLWK
6DPSOHDÀJD7KHVDPSOHZDVFROOHFWHGVRXWKRIWKHLQYHVWLJDWHGVKHDU
]RQHDQGSUHVHUYHVDQDVVRFLDWLRQRIQXPPXOLWHVHFKLQRGHUPDIUDJPHQWVDQGUHGDOJDH
7ZR W\SHVRIFRPSRQHQWVZHUHREVHUYHG LQ WKH WKLQVHFWLRQ7KHÀUVW W\SHFRQVLVWVRI
QXPPXOLWHDQGHFKLQRGHUPIUDJPHQWVZKRVHVL]HYDULHVEHWZHHQDQGPLOOLPHWUHV
1XPPXOLWH VSHFLHV 1 JDUQLHUL DQG 1 IDELDQLL ZHUH LGHQWLÀHG 7KH VKHOO RI WKHVH
RUJDQLVPVLVPDGHXSRIVHYHUDOULPVRIÀEURXVFDOFLWHVKRZLQJDW\SLFDOUDGLDOFD[LV
SDWWHUQ7KHHFKLQRGHUPIUDJPHQWVDUHURXQGHGFDOFLWHVLQJOHFU\VWDOVDQGFRQVWLWXWH
RIWKHURFN7KHVHFRQGW\SHRIFRPSRQHQWVFRQVLVWVRIUHGDOJDHPDWV7KH\DSSHDUDV

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HORQJDWHGSDWFKHVZLWKDQDYHUDJHDVSHFWUDWLRKLJKHUWKDQ7KHLULQWHUQDOVWUXFWXUH
VKRZVPLFULWLFFDOFLWHJUDLQVZLWKYHU\OREDWHERXQGDULHVDQGJUDLQVL]HUDQJLQJEHWZHHQ
DQGPLFURPHWUHV7KHVHDOJDHPDWVIRUPEHWZHHQDQGRIWKHURFN7KHUHVW
RIWKHURFNFRQVLVWVRIFDOFLWLFPDWUL[PDWHULDODVZHOODVRIGHWULWDOPLFDTXDUW]RUPXG
SHOOHWV
0RVW RI WKH FOHDUO\ YLVLEOH VKDSH IDEULF DQLVRWURS\ LV DWWULEXWHG WR SULPDU\
VHGLPHQWDU\ SURFHVVHV LQFOXGLQJ FRPSDFWLRQ EXW QRW WR WHFWRQLF GHIRUPDWLRQ GXULQJ
WKUXVWLQJ7KXVVDPSOHDLVFRQVLGHUHGDW\SLFDOSURWROLWKIRUWKHP\ORQLWHVGHVFULEHG
EHORZ,WVKRZVDWH[WXUHWKDWLVYHU\FORVHWRXQLIRUPZLWKIDLQWSUHIHUUHGRULHQWDWLRQVRI
DD[HVSHUSHQGLFXODUWRDQGFD[HVZLWKLQWKHEHGGLQJSODQHÀJWRS$YHU\VLPLODU
WH[WXUHZDVREVHUYHGLQPLFULWLF6ROQKRIHQOLPHVWRQHDQGDWWULEXWHGWRSDVVLYHDOLJQPHQW
RIFDOFLWHJUDLQVZLWKWKHLUFD[HVVOLJKWO\SUHIHUUHGLQWRWKHEHGGLQJSODQH:HQNHWDO
&DVH\HWDO
3URÀOH
%HORZ ZH GHVFULEH SURJUHVVLYH GHIRUPDWLRQ LQ WKUHH VDPSOHV FROOHFWHG DORQJ
SURÀOHDFURVVWKHVRXWKHUQSDUWRIORFDOLW\ÀJE
6DPSOH03< ÀJV E F7KLV VDPSOH VKRZV DSURWRP\ORQLWLF IDEULF DQG
G\QDPLF UHFU\VWDOOLVDWLRQ DIIHFWHG DOO WKH ELRJHQLF FRPSRQHQWV 7KH UHFU\VWDOOLVDWLRQ
PLFURVWUXFWXUHVDUHKHWHURJHQHRXVEHFDXVHWKHH[WHQWRIWKHLUGHYHORSPHQWLVVHQVLWLYHWR
WKHLQLWLDOVWUXFWXUHRIWKHFRPSRQHQWV
1XPPXOLWHV DQG HFKLQRGHUP IUDJPHQWV W\SLFDOO\ VKRZ D ´FRUH DQG PDQWOHµ
VWUXFWXUH1HZ JUDLQVZHUH SURGXFHG E\ SURJUHVVLYH VXEJUDLQ URWDWLRQ LQ HFKLQRGHUP
SRUSK\URFODVWV7KH LQWHUQDO VWUXFWXUH LQ VRPHQXPPXOLWHV LVZHOOSUHVHUYHG DQG VWLOO
VKRZVWKHUDGLDOFD[LVSDWWHUQ(FKLQRGHUPVDUHPRUHFRPSHWHQWWKDQWKHVXUURXQGLQJ
ÀQHJUDLQHGPDWUL[DQGZHUHIUDJPHQWHGE\IUDFWXULQJDVZHOODVGHIRUPHGE\WZLQQLQJ
)LJXUH3KRWRPLFURJUDSKVRIGLIIHUHQWOLPHVWRQHVDPSOHVLQGLFDWLQJPRVWO\FRD[LDOGHIRUPDWLRQSURÀOH
3KRWRPLFURJUDSKVZHUH WDNHQIURPVWDQGDUG WKLQVHFWLRQV+P WKLFN LQ WUDQVPLWWHG OLJKWZLWKRXW
SRODUL]HUVDFDQGIURPXOWUDWKLQVHFWLRQV+PWKLFNLQFURVVSRODUL]HGWUDQVPLWWHGOLJKWEGHIJ
$OOVHFWLRQVDUHRULHQWHGQRUPDOWRIROLDWLRQDQGSDUDOOHOWROLQHDWLRQKRUL]RQWDO
D1XPPXOLWLFOLPHVWRQHSURWROLWKVDPSOHDZHDNO\GHIRUPHGSULRUWRVKHDU]RQHIRUPDWLRQ1RWHWKH
DVVRFLDWLRQRIQXPPXOLWHV1DQGUHGDOJDH5$
EF6DPSOH03<VKRZVDVWURQJKRUL]RQWDO6DIROLDWLRQDQGGLVVROXWLRQVXUIDFHV'6VXESDUDOOHOWR6D
7KHRULJLQDOUDGLDOFD[LVGLVWULEXWLRQDURXQGWKHQXPPXOLWHVKHOOLVVWLOOSUHVHUYHG
G H6DPSOH03< VKRZV DKRUL]RQWDOO\ HORQJDWHGQXPPXOLWH VKHOO0LFURVWUXFWXUDO IHDWXUHV LQGLFDWH
JUDLQERXQGDU\PLJUDWLRQ *%0 URWDWLRQ UHFU\VWDOOLVDWLRQDQGSUHVVXUHVROXWLRQSURFHVVHVEHHQDFWLYH
VLPXOWDQHRXVO\5HFU\VWDOOLVDWLRQIHVWRRQV5)QRUPDOWRWKHQXPPXOLWHULP
IJ6DPSOH03<LVDQHQWLUHO\UHFU\VWDOOLVHGOLPHVWRQHZLWKDJUDLQVKDSHSUHIHUUHGRULHQWDWLRQKRUL]RQWDO
SDUDOOHOWR6DDQGV\PPHWULFFDOFLWHSUHVVXUHVIULQJHVGHYHORSHGDWWKHULPRIGHWULWDOTXDUW]JUDLQV

&+$37(5
6RPHRIWKHDUHDFRQWDLQVQXPPXOLWHVDQGHFKLQRGHUPVWKDWDUHVWLOOSUHVHUYHG
7KH RXWHU VXUIDFHV RI QXPPXOLWHV DUH FRPPRQO\ RULHQWHG SDUDOOHO WR IROLDWLRQ
'DUNRXWOLQHVPDUNHGE\ UHODWLYHO\ LQVROXEOHÀQHJUDLQHGPLQHUDOV KHPDWLWHFKORULWH
PLFDVDUHLQWHUSUHWHGDVUHPQDQWVRIGLVVROYHGPDWHULDOLQGLFDWLQJWKDWSUHVVXUHVROXWLRQ
KDV DOVR FRQWULEXWHG WR WKHGHIRUPDWLRQRI WKHVH FDOFLWH URFNV6RPH H[WHUQDO ULPVRI
WKHQXPPXOLWHV DUH IUDJPHQWHGGXULQJSURJUHVVLYHGHIRUPDWLRQ:KHUH IUDJPHQWDWLRQ
RFFXUV WKH LQWHUQDO SDUWV RI WKH QXPPXOLWH VKHOOV VKRZ D JUHDWHU GHJUHH RI G\QDPLF
UHFU\VWDOOLVDWLRQ
6DPSOH03< ÀJVGH7KHPLFURVWUXFWXUHRI WKLVVDPSOH LVFKDUDFWHUL]HG
E\IXUWKHUUHGXFHGYROXPHIUDFWLRQRILQLWLDOFRPSRQHQWVGXHWRSURJUHVVLYHGHIRUPDWLRQ
DFFRPSDQLHGE\G\QDPLFUHFU\VWDOOLVDWLRQ3UHVVXUHVROXWLRQZDVDOVRDFWLYHHYLGHQWE\
ORFDOO\GLVVROYHGQXPPXOLWHDQGHFKLQRGHUPIUDJPHQWV'HIRUPDWLRQDIIHFWHGWKHHQWLUH
QXPPXOLWHVKHOOV7KHFDOFLWHÀEUHVRIWKHQXPPXOLWHVKHOOVVKRZOREDWHERXQGDULHVZLWK
EXOJHVLQWRQHLJKERXULQJFU\VWDOVLQGLFDWLQJJUDLQERXQGDU\PLJUDWLRQ8VXDOO\EXOJHV
HYROYHLQWRIHVWRRQVRIQHZJUDLQVDORQJWKHIUDJPHQWV6RPHRIWKHÀEUHVDQGWKHLUUDGLDO
FD[LVSDWWHUQVDUHSDUWLDOO\SUHVHUYHG1XPPXOLWHVKHOODJJUHJDWHVDUHHORQJDWHGSDUDOOHO
WROLQHDWLRQ7KHERXQGDULHVRISULPDU\WZLQVLQHFKLQRGHUPVDUHOREDWHLQGLFDWLQJWZLQ
ERXQGDU\PLJUDWLRQ,QVRPHSODFHVVXFKWZLQVDUHEHQWRURYHUSULQWHGE\DVHFRQGVHW
RIGHIRUPDWLRQWZLQV7KHSHUFHQWDJHRIQXPPXOLWHDQGHFKLQRGHUPIUDJPHQWVKDVEHHQ
HVWLPDWHGDWQRPRUHWKDQWKHUHGDOJDHPDWVFRQVWLWXWHRIWKHURFN
6DPSOH03<ÀJVIJ7KHPDLQPLFURVWUXFWXUDOGLIIHUHQFHZLWKUHVSHFWWR
VDPSOH03<LVWKHODFNRIDQ\UHOLFWQXPPXOLWHVKHOOV7KHJUDLQVRIWKHG\QDPLFDOO\
UHFU\VWDOOLVHGPDWUL[DUHFRPSOHWHO\IUHHRIGHIRUPDWLRQWZLQVDQGVKRZVOLJKWO\OREDWH
ERXQGDULHV7KH\RFFXS\PRUHWKDQRIWKHURFN3UHVVXUHVKDGRZVÀOOHGZLWKFDOFLWH
ÀEUHV DURXQG GHWULWDO TXDUW] JUDLQV DUH V\PPHWULFDOO\ GHYHORSHGZLWK UHVSHFW WR WKH
IROLDWLRQ
632DQDO\VLVÀJ7KH632RIWKHUHFU\VWDOOLVHGPDWUL[LVVLPLODULQDOOWKUHH
VDPSOHVWKHUHIRUHLWLVVKRZQKHUHRQO\IRUVDPSOH03<;=VHFWLRQVRIWKHPDWUL[
JUDLQVVKRZDVWURQJ632SDUDOOHOWRWKHIROLDWLRQZLWKDQDYHUDJHDVSHFWUDWLRRI
DQG DJUDLQ VL]HPRGHRI +P<=VHFWLRQV VKRZ632ZLWK WKH DYHUDJH ORQJ D[LV
DOVRSDUDOOHOWRIROLDWLRQDQDYHUDJHDVSHFWUDWLRRIDQGDJUDLQVL]HPRGHRI+P
,Q FRPELQDWLRQ WKH DYHUDJH JUDLQ VKDSH HOOLSVRLG LV DOLJQHG SDUDOOHO WR WKH VWUXFWXUDO
UHIHUHQFHV\VWHP;<=DQGZRXOGSORWQHDU WKHGLDJRQDO LQD)OLQQW\SHGLDJUDPZLWK
.aLQGLFDWLQJDVOLJKWO\SURODWHJUDLQVKDSH7KHPLFURVWUXFWXUHRIWKHG\QDPLFDOO\
UHFU\VWDOOL]HGPDWUL[GLVSOD\VDQRUWKRUKRPELFV\PPHWU\ZLWK UHVSHFW WR IROLDWLRQDQG
OLQHDWLRQ
7H[WXUHDQDO\VLVÀJ;UD\WH[WXUHDQDO\VLVUHYHDOVDVLPLODUWH[WXUHW\SHIRU
&+$37(5

DOOWKUHHVDPSOHVRISURÀOHEXWZLWKVWUHQJWKLQFUHDVLQJLQWKHVHULHVRUGHUHGDFFRUGLQJ
WR LQFUHDVLQJGLVWDQFHIURP WKHEDVHPHQW(YHQ WKHZHDN WH[WXUHRIVDPSOH03< LV
DOUHDG\VLJQLÀFDQWO\GLIIHUHQWIURP WKDWRI WKHSURWROLWKVDPSOHD7KHSROHÀJXUHV
GLVSOD\URXJKO\PD[LPDRIFD[HVQRUPDOWRIROLDWLRQDQGDD[HVGLVWULEXWHGDORQJJLUGOHV
SDUDOOHOWRWKHIROLDWLRQ
,QFORVHUGHWDLOSROHÀJXUHPD[LPDDUHHORQJDWHGZLWKVRPHSUHIHUHQFHRIURWDWLRQV
DURXQGWKHIROLDWLRQQRUPDOLQGLFDWHGE\JLUGOHVDQGVPDOOFLUFOHVLQVRPHSROHÀJXUHV
7KH FD[LV SROHÀJXUH RI WKHPRVW UHFU\VWDOOLVHG VDPSOH 03< VKRZV WZR GLVWLQFW
PD[LPD F_DQGF`DW WKHSHULSKHU\RI WKHSROHÀJXUHV\PPHWULFDOO\RULHQWHGDW
IURP=7KH &,3 FD[LV SROHÀJXUH RI WKHG\QDPLFDOO\ UHFU\VWDOOLVHGPDWUL[ VKRZV D
VLPLODUO\VKDSHGEXWVWURQJHUPD[LPXPQRUPDOWRWKHIROLDWLRQÀJD$OOWH[WXUHVDUH
FKDUDFWHUL]HGE\DQRUWKRUKRPELFVDPSOHV\PPHWU\DQGWKHQRQUHGXFHGDDQG²DSROH
ÀJXUHVDUHDSSUR[LPDWHO\LGHQWLFDO7KHRYHUDOOSDWWHUQVDUHVOLJKWO\DV\PPHWULFUHODWLYH
WRWKHVWUXFWXUDOUHIHUHQFHV\VWHPE\VRPHPLQRUURWDWLRQVDURXQGWKHOLQHDWLRQZKLFK
PD\EHDWWULEXWHGWRPLVDOLJQPHQWVZLWKUHVSHFWWRWKHIROLDWLRQSODQHGXULQJVSHFLPHQ
FROOHFWLRQDQGSUHSDUDWLRQ

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)LJXUH 0LFURVWUXFWXUDO DQDO\VLV RIP\ORQLWH VDPSOH03< LQGLFDWLQJ FRD[LDO GHIRUPDWLRQ7KH
DYHUDJHJUDLQVKDSHHOOLSVRLGLVWULD[LDODQGSDUDOOHOWRWKHVWUXFWXUDOUHIHUHQFHIUDPH
5RVH GLDJUDPV IRU RULHQWDWLRQ GLVWULEXWLRQV RI SDUWLFOH ORQJ D[HV 3$525 DQG RI JUDLQ ERXQGDULHV
685)25+LVWRJUDPVRIYROXPHZHLJKWHGJUDLQVL]HGLVWULEXWLRQV
D;=VHFWLRQLHSHUSHQGLFXODUWRIROLDWLRQDQGSDUDOOHOWRVWUHWFKLQJOLQHDWLRQ
E<=VHFWLRQLHSHUSHQGLFXODUWRERWKIROLDWLRQDQGVWUHWFKLQJOLQHDWLRQ
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3URWROLWK /RFDOLW\P\ORQLWHOD\HURISURILOH
)LJXUH7H[WXUHHYROXWLRQ IURP WKHSURWROLWK VDPSOHD WRP\ORQLWHVDFURVV WKH OLPHVWRQH OD\HU
SURÀOH7KHSURWROLWKVKRZVQHDUO\XQLIRUPGLVWULEXWLRQVZKLFKDUHD[LDOV\PPHWULFZLWKIDLQWPD[LPDRI
DD[HVSHUSHQGLFXODUDQGRIFD[HVSDUDOOHOWRWKHEHGGLQJSODQH67KHWKUHHVDPSOHVIURPSURÀOHVKRZ
VLPLODUWH[WXUHVRILQFUHDVLQJVWUHQJWKZLWKLQFUHDVLQJGHJUHHRIP\ORQLWL]DWLRQVRUWHGIURPWRSWRERWWRP
%XONWH[WXUHVREWDLQHGE\;UD\WH[WXUHJRQLRPHWU\DOOSROHÀJXUHVFDOFXODWHGIURPWKH2')3ROHÀJXUH
FRQWRXUVDUHJLYHQLQPXOWLSOHVRIDXQLIRUPGLVWULEXWLRQZLWKDFRQWRXULQWHUYDORI,QWHQVLWLHVEHORZ
DUHQHJOHFWHG7KHSURMHFWLRQLVSHUSHQGLFXODUWRWKHPDFURVFRSLFIROLDWLRQDQGWKHVWUHWFKLQJOLQHDWLRQLV
KRUL]RQWDOLQWKHSURMHFWLRQSODQHHTXDODUHDSURMHFWLRQRIXSSHUKHPLVSKHUH
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)LJXUH&RPSXWHU,QWHJUDWHG3RODUL]DWLRQ&,3LPDJHVDQGGHULYHGFD[LVGLVWULEXWLRQV&RORUORRNXS
WDEOHVWHUHRJUDPDWXSSHUULJKW&RQWRXUVRIWKHFD[LVSROHÀJXUHJLYHQLQPXOWLSOHVRIXQLIRUPGLVWULEXWLRQ
ZLWKLQWHUYDOVRI6SHFLPHQRULHQWDWLRQDVDERYHSHUSHQGLFXODUWRPDFURVFRSLFIROLDWLRQ6DVWUHWFKLQJ
OLQHDWLRQLVKRUL]RQWDO
DVDPSOH03<EVDPSOH03<VLQLVWUDOVHQVHRIVKHDU
&+$37(5

3URÀOH
%HORZZH GHVFULEH SURJUHVVLYH GHIRUPDWLRQ DORQJ SURÀOH  DFURVV WKH VLQLVWUDO
VKHDU]RQHLQWKHQRUWKHUQSDUWRIWKHRXWFURSDWORFDOLW\ÀJF7KHVHURFNVZHUH
GHIRUPHGXQGHUVLPLODUFRQGLWLRQVDVWKHRQHVIURPSURÀOHDQGVLPLODUSURFHVVHVRI
G\QDPLF UHFU\VWDOOL]DWLRQ DQGRU SUHVVXUH VROXWLRQ DUH LQIHUUHG7KH VSHFLÀF VDPSOHV
ZHUHVHOHFWHGWRPDWFKSDLUZLVHWKRVHIURPSURÀOHLQWHUPVRIWKHH[WHQWRIG\QDPLF
UHFU\VWDOOL]DWLRQDQGRIWH[WXUHVWUHQJWK
6DPSOH *WDE ÀJ D 7KH G\QDPLFDOO\ UHFU\VWDOOLVHGPDWUL[ SRVVHVVHV DQ
LQKRPRJHQHRXVJUDLQVL]HGLVWULEXWLRQZKHUHGLIIXVHSDWFKHVRIYHU\ÀQHJUDLQVL]HUHVXOW
IURPUHGDOJDHUHPQDQWV:KLOHWKHJUDLQVL]HGLVWULEXWLRQVDUHFRPSDUDEOHEHWZHHQWKLV
VDPSOHDQGVDPSOH03<IURPSURÀOHWKH632RIWKHLUG\QDPLFDOO\UHFU\VWDOOLVHG
JUDLQVDUHGLIIHUHQW7KLVVDPSOHVKRZVDQDV\PPHWULF632REOLTXHWRWKHPDFURVFRSLF
IROLDWLRQDQGFRQVLVWHQWZLWKVLQLVWUDOVKHDULQJRIWKHURFNZKLFKLVIXUWKHUFRQÀUPHGE\
DV\PPHWULFFDOFLWHSUHVVXUHVKDGRZVGHYHORSHGDWWKHULPRIGHWULWDOTXDUW]JUDLQV
6DPSOH*WFVIÀJEF,QWKLVVDPSOHWKHYROXPHIUDFWLRQRIUHFU\VWDOOL]HG
JUDLQV DQGSUHVXPDEO\ DOVR VWUDLQ LQWHQVLW\ LV VLPLODU WR WKDWRI VDPSOH03< IURP
SURÀOH7KHPDWUL[RIWKLVVDPSOHVKRZVDFOHDUO\REOLTXH632FRPSDWLEOHZLWKVLQLVWUDO
VKHDULQJIXUWKHUFRQÀUPHGE\DV\PPHWULFFDOFLWHSUHVVXUHVKDGRZVGHYHORSHGDWWKHULP
RIGHWULWDOTXDUW]JUDLQV
6DPSOH03<ÀJGH7KHPLFURVWUXFWXUHLVGRPLQDWHGE\6&VWUXFWXUHV
7KHVHFRQGDU\IROLDWLRQ6ELVDWWRWKHSULPDU\IROLDWLRQ6DDQGFDOFLWHÀEHUVDWWKH
ULPRIGHWULWDOTXDUW]JUDLQVVKRZDFOHDUDV\PPHWU\FRQVLVWHQWZLWKVLQLVWUDOVKHDULQJRI
WKHURFN7KHUHDUHQRGHIRUPDWLRQWZLQVLQWKHUHFU\VWDOOLVHGPDWUL[
632DQDO\VLVÀJ7KH632RIWKHUHFU\VWDOOLVHGPDWUL[LVVLPLODULQDOOWKUHH
VDPSOHVWKHUHIRUHLWLVVKRZQKHUHRQO\IRUVDPSOH03<,QWKH;=VHFWLRQJUDLQV
KDYHDQDYHUDJHDVSHFWUDWLRRIZLWKSUHIHUHQWLDOHORQJDWLRQDWWRWKHIROLDWLRQ
7KLV632DQJOHLVRQO\KDOIWKHDQJOHRI6EWR6DZKLFKZDVLQWXLWLYHO\HVWLPDWHGIURP
WKHPLFURJUDSKVRIÀJ7KLVLQGLFDWHVVRPHELDVWRZDUGVJUDLQERXQGDULHVLQVWHDGRI
JUDLQORQJD[HVLQWKHYLVXDOGHWHUPLQDWLRQRI6E7KHJUDLQVL]HGLVWULEXWLRQKDVDPRGH
RI+P7KHPHDVXUHPHQWVLQWKH<=VHFWLRQLQGLFDWHÁDWWHQLQJRIWKHJUDLQVSDUDOOHO
WRWKHIROLDWLRQZLWKDYHUDJHDVSHFWUDWLRRI,QFRPELQDWLRQWKHDYHUDJHJUDLQVKDSH
HOOLSVRLGLVURWDWHGDURXQG<E\ZLWKUHVSHFWWRWKHVWUXFWXUDOUHIHUHQFHV\VWHP;<=
,WZRXOGSORWQHDUWKHGLDJRQDOLQD)OLQQW\SHGLDJUDPZLWK.aLQGLFDWLQJDVOLJKWO\
SURODWHJUDLQVKDSH
7H[WXUH DQDO\VLV ÀJ /LNH LQ WKH VDPSOH VHULHVRISURÀOH  ÀJ  WKH
WKUHHVDPSOHVSRVVHVVWH[WXUHVRIVLPLODUW\SHEXWZLWKLQFUHDVLQJVWUHQJWK7KHZHDNHVW
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)LJXUH  3KRWRPLFURJUDSKV RI VDPSOHV LQGLFDWLQJ QRQFRD[LDO GHIRUPDWLRQ WDNHQ IURP XOWUDWKLQ
VHFWLRQVLQFURVVSRODUL]HGOLJKW
DVDPSOH*WDEEFVDPSOH*WFVIGHVDPSOH03<
$V\PPHWULFFDOFLWHSUHVVXUHIULQJHVGHYHORSHGDWWKHULPRIGHWULWLFDOTXDUW]JUDLQVDFDQGH2EOLTXH
JUDLQVKDSHSUHIHUUHGRULHQWDWLRQ6EFRQVLVWHQWZLWKVLQLVWUDOVHQVHRIVKHDULQJLQWKHURFNDEDQGG
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)LJXUH0LFURVWUXFWXUDODQDO\VLVRIP\ORQLWHVDPSOH03<LQGLFDWLQJQRQFRD[LDOGHIRUPDWLRQ7KH
DYHUDJHJUDLQVKDSHHOOLSVRLGLVWULD[LDODQGREOLTXHWRWKHVWUXFWXUDOUHIHUHQFHIUDPH6DPHUHSUHVHQWDWLRQ
DVÀJ7KHJUDLQVL]HGLVWULEXWLRQVVKRZQRPDMRUGLIIHUHQFHVFRPSDUHGWRVDPSOH03<
D;=VHFWLRQLHSHUSHQGLFXODUWRIROLDWLRQDQGSDUDOOHOWROLQHDWLRQ$YHUDJHJUDLQORQJD[LVLQFOLQHGE\
WR6DFRPSDWLEOHZLWKVLQLVWUDOVKHDULQJ
E<= VHFWLRQ LHSHUSHQGLFXODU WRERWK IROLDWLRQ DQG OLQHDWLRQ1RWH WKH VOLJKWÁDWWHQLQJRI WKHJUDLQ
VKDSH

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)LJXUH7H[WXUHHYROXWLRQLQWKHXOWUDP\ORQLWLFEDQGSURÀOH)ROLDWLRQDQGVWUHWFKLQJOLQHDWLRQDUH
KRUL]RQWDOVLQLVWUDOVHQVHRIVKHDU6DPHUHSUHVHQWDWLRQDVLQÀJ
6DPSOH6DDRULJLQDWHVIURPORFDOLW\ÀJDQGUHSUHVHQWVLQWHUPHGLDWHVWUDLQNLQHPDWLFV
&+$37(5

WH[WXUHRIVDPSOH*WDEKDVVLPLODUO\ORZPD[LPDDVVDPSOH03<WKRXJKWKH\DUH
VWURQJHQRXJKWRGLVWLQJXLVKLWIURP03<DVZHOODVIURPWKHSURWROLWKVDPSOHD,Q
GLIIHUHQFHWRSURÀOHWKHWH[WXUHVRISURÀOHDUHDV\PPHWULFZLWKUHIHUHQFHWRIROLDWLRQ
DQGOLQHDWLRQLHFD[LVPD[LPDDUHDWIURPWKHIROLDWLRQQRUPDOWRZDUGVWKHOLQHDWLRQ
DQGJLUGOHVRIDD[HVDUHVLPLODUO\LQFOLQHGWRWKHIROLDWLRQE\FRXQWHUFORFNZLVHURWDWLRQ
RIDERXWWKHVWUXFWXUDO<D[LV&RUUHVSRQGLQJDV\PPHWULHVDUHSDUWLFXODUO\YLVLEOHLQ
WKHUDQG WKHVGSROHÀJXUHV,QUHDVRQDEOHDSSUR[LPDWLRQDOOSROHÀJXUHVFRQWDLQD
WZRIROGURWDWLRQDOV\PPHWU\DERXWWKHVWUXFWXUDO<D[LV
7KH SROH ÀJXUHV RI WKHPRVW UHFU\VWDOOL]HG VDPSOH03< VKRZ FRQVLGHUDEO\
VWURQJHUPD[LPDFRPSDUHGWRWKHRWKHUWZRVDPSOHVRISURÀOH7KHSROHVWRWKHUSODQHV
VKRZRQHPD[LPXPFORVHWR=DQGDQRWKHURQHDWSRVLWLRQODEHOOHG´Uµ7KHSROHÀJXUH
IRUWKHVGVOLSGLUHFWLRQVKRZVWZRPD[LPDV\PPHWULFDOO\RULHQWHGZLWKUHVSHFWWRWKH
IROLDWLRQEXWZLWKGLIIHUHQW LQWHQVLWLHV$ORQJ WKHJLUGOHGLVWULEXWLRQVRI WKHDD[HV WKH
DGLUHFWLRQKDVWKHPD[LPXPLQWKHSURMHFWLRQFHQWHUZKLOHWKH²DGLUHFWLRQVKRZVWZR
PD[LPDRSSRVLWHO\LQFOLQHGDWIURPLW7KHFD[LVLVWLOWHGE\LQWKHVHQVHRIVKHDU
ZKLFKLVFRQÀUPHGE\WKH&,3SROHÀJXUHÀJE
%RWKPLFURVWUXFWXUHDQGWH[WXUHRIWKHG\QDPLFDOO\UHFU\VWDOOL]HGPDWUL[LQGLFDWHD
PRQRFOLQLFV\PPHWU\ZLWKWKHVWUXFWXUDO<GLUHFWLRQDVWKHWZRIROGV\PPHWU\D[LV
8OWUDP\ORQLWHVDPSOHZLWKV\PHWULFFKDUDFWHULVWLFV
6DPSOH6DDZDVWDNHQDWORFDOLW\ÀJZKLFKLVHDVWRIDQGDORQJVWULNH
IURPWKHRXWFURSRIWKHWZRSURÀOHVDWORFDOLW\,WRULJLQDWHVIURPWKHKLQJHRIDIROGWKDW
UHGHIRUPHGSUHYLRXVO\ IRUPHGFDOFLWHP\ORQLWHVDQGVHSDUDWHV WZREDVHPHQWERXGLQV
LQFOXGLQJWKHLU(RFHQHFRYHU7KHJUDLQVL]HGLVWULEXWLRQLVYHU\VLPLODUWRWKRVHIRXQGLQ
VDPSOHV03<DQG03<DQGOLNHZLVHWKHG\QDPLFDOO\UHFU\VWDOOLVHGPDWUL[FRYHUV
PRUH WKDQRI WKHYROXPH7KHPLFURVWUXFWXUHVKRZVDFOHDUJUDLQVKDSHIROLDWLRQ
6ERULHQWHGDWWRWKHIROLDWLRQÀJD7KHJUDLQVVKRZVKDUSH[WLQFWLRQDQGQR
GHIRUPDWLRQ WZLQQLQJ ,QFLSLHQW 6& W\SH VWUXFWXUHV DUH ORFDOO\ UHFRJQL]DEOH &DOFLWH
SUHVVXUHVKDGRZVDWWKHULPVRIGHWULWDOTXDUW]JUDLQVVKRZDQDV\PPHWU\DQGFRQÀUPD
VLQLVWUDOVHQVHRIVKHDULQJÀJE4XDQWLWDWLYHDQDO\VLVÀJFRQWKH;=VHFWLRQ
\LHOGVDQDYHUDJHDVSHFWUDWLRRIZLWKSUHIHUUHGHORQJDWLRQDWWRWKHOLQHDWLRQDQG
DJUDLQVL]HPRGHRIDERXWP
7KLVVDPSOH6DDVKRZVD WH[WXUH WKDW LV LQWHUPHGLDWHEHWZHHQ WKDWRIVDPSOHV
03<DQG03< ÀJ ERWWRP WKH FD[HV IRUPDEURDGDQG VWURQJPD[LPXP
URXJKO\QRUPDOWRWKHIROLDWLRQ7KHUSODQHVDQGDGLUHFWLRQVDUHIDLUO\VLPLODUO\RULHQWHG
DVLQ03<ZKHUHDVVGDQGVGDUHVLPLODUWRWKHSDWWHUQVLQ03<7KHV\PPHWU\

&+$37(5
RI WKHSROHÀJXUHVGHYLDWHVYLVLEO\ IURPPRQRFOLQLFDERXW WKH<D[LVRI WKHVWUXFWXUDO
UHIHUHQFH IUDPHEXWFRXOGEHEURXJKW LQWRDSSUR[LPDWHRUWKRUKRPELF V\PPHWU\DIWHU
URWDWLQJWKHUHIHUHQFHD[HV;DQG<ZLWKLQWKHIROLDWLRQSODQHE\
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)LJXUH0LFURVWUXFWXUHRIVDPSOH6DDIURPORFDOLW\
DE3KRWRPLFURJUDSKVRIWKLQVHFWLRQVLQFURVVSRODUL]HGOLJKW2EOLTXHJUDLQVKDSHSUHIHUUHGRULHQWDWLRQ
DQGDV\PPHWULFFDOFLWHSUHVVXUHIULQJHVGHYHORSHGDWWKHULPRIGHWULWDOTXDUW]JUDLQDUHERWKLQGLFDWLYHRI
VLQLVWUDOVKHDU
F0LFURVWUXFWXUDO DQDO\VLV*UDLQ VKDSHSUHIHUUHGRULHQWDWLRQ LVREOLTXH WR6DE\  FRPSDWLEOHZLWK
VLQLVWUDOVKHDULQJRIWKHURFN*UDLQVL]HGLVWULEXWLRQLVVLPLODUWRWKDWLQ;=VHFWLRQVRIVDPSOHV03<DQG
03<
&+$37(5

2')VHFWLRQVDQGLGHDOFU\VWDORULHQWDWLRQPRGHOV
,QWKHIROORZLQJWKHGLIIHUHQWWH[WXUHW\SHVIRXQGLQSURÀOHVDQGDQGDWORFDOLW\
ZLOOEHGLVFXVVHG6DPSOHV03<DQG03<DUHXVHGWRUHSUHVHQWSURÀOHVDQG
UHVSHFWLYHO\VLQFHWKH\H[KLELWWKHPRVWVWURQJO\GHYHORSHGWH[WXUHVLQWKHWZRVHULHVRI
VDPSOHV6DPSOH6DDIURPORFDOLW\UHSUHVHQWVDWKLUGWH[WXUHW\SHIRXQGUHSHDWHGO\
DORQJWKH5<6=
$OOWH[WXUHVREVHUYHGIRUWKHOLPHVWRQHP\ORQLWHVKDYHLQFRPPRQWKDWWKHFD[HV
DUH SUHIHUHQWLDOO\ RULHQWHG WRZDUGV GLUHFWLRQV DW WKH SROH ÀJXUH SHULSKHU\ DQG QHDUO\
QRUPDOWRWKHIROLDWLRQSODQH&RQVHTXHQWO\WKH2')VHFWLRQVGLVSOD\HGLQÀJDUH
UHVWULFWHGWRVHFWLRQVEHWZHHQ\ DQGZKHUHWKHKLJKHVW2')GHQVLWLHVRFFXU
DORQJÀEUHVIRUÀ[HG(XOHUDQJOHVFORVHWR\ DQGs DQGYDULDEOHs
$SDUW IURP WKLV JHQHUDO VLPLODULW\ WKH WKUHH VDPSOH WH[WXUHV RFFXS\ VHYHUDO
RULHQWDWLRQVZLWKGLIIHUHQWIUHTXHQF\,QDQDWWHPSWWRKLJKOLJKWWKHVHGLIIHUHQFHVPRGHO
WH[WXUHVDUHFRQVWUXFWHGIURPDVHWRIÀYHLGHDOFU\VWDORULHQWDWLRQFRPSRQHQWV00
00DQG0·7KHRULHQWDWLRQVGHÀQHGLQÀJDQGZLGWKRIWKHFRPSRQHQWV
ZHUHÀ[HGDQGRQO\WKHLUYROXPHIUDFWLRQLHWKHUHUHODWLYHZHLJKWZDVYDULHGXQWLOD
VDWLVI\LQJPDWFKWRWKHVDPSOHWH[WXUHVZDVIRXQGE\PDQXDOWULDODQGHUURU7DEOH
,W LVHPSKDVL]HG WKDWDOO WKUHHPRGHO WH[WXUHVFRQWDLQEHWZHHQDQGYROXPHRI
JUDLQVZLWKRULHQWDWLRQVGUDZQIURPDXQLIRUPGLVWULEXWLRQZKLFKPHDQVWKDWWKHYLVLEOH
2')PD[LPDDUHDFWXDOO\EXLOWRIFRPSDUDWLYHO\VPDOOYROXPHSRUWLRQVRIWKHVDPSOH,Q
DOOWKUHHFDVHV0LVWKHVWURQJHVWFRPSRQHQWZKLOHWKHVHFRQGVWURQJHVWFRPSRQHQWLV
HLWKHU0SURÀOHRU0SURÀOHRU0ORFDOLW\
2ULHQWDWLRQ0SODFHVWKHFD[LVDWDQDQJOHRIFRXQWHUFORFNZLVHIURPWKH=
GLUHFWLRQRIWKHVDPSOH7ZRVLQJOHSROHVRIUDQGISODQHVDUHORFDWHGDWWKHSHULSKHU\RI
WKHSROHÀJXUHDWDQJOHVRIDERXWDQGIURP=LQDFRQMXJDWHJHRPHWU\UHVSHFWLYHO\
7KHVHUDQGISODQHVFRQWDLQDVGRUDVGGLUHFWLRQDWWKHSHULSKHU\RIWKHSROHÀJXUH
$VHFRQGVGGLUHFWLRQLQWKHISODQHLVQRWIDURIIWKHSHULSKHU\RIWKHSROHÀJXUH
2ULHQWDWLRQ0UHVXOWVIURP0E\DURWDWLRQRIDURXQGHLWKHUWKH;RU=D[LV
,WVSURMHFWLRQORRNVOLNHWKHPLUURULPDJHRI0ZLWKUHVSHFWWRHLWKHUWKH<=RU;<
SODQHEXWZLWKWKHVLJQRIWKHDD[HVLQYHUWHG
2ULHQWDWLRQ0 LVUHODWHG WR0E\DURWDWLRQDURXQG WKHFD[LVDWF_%RWK
RULHQWDWLRQVSODFH WKHEDVDOSODQHDWDQDQJOHRIFRXQWHUFORFNZLVHIURP WKHSODQH
QRUPDOWR=IROLDWLRQ7KHLUSURMHFWLRQVDSSHDUDVPLUURUSRVLWLRQVZLWKUHVSHFWWRWKH
EDVDOSODQHDJDLQZLWKVLJQLQYHUVLRQIRUWKHDD[HV
7KHRULHQWDWLRQV00DQG0KDYHDWZRIROGV\PPHWU\D[LVFU\VWDODD[LV
SDUDOOHOWR<7KXVDWH[WXUHWKDWRQO\FRQVLVWVRIDQ\DPRXQWRIWKHVHFRPSRQHQWVKDV
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)LJXUH2')VHFWLRQVIRUFRQVWDQW\EHWZHHQDQGIRUWKHWKUHHPRVWUHFU\VWDOOL]HGVDPSOHV
03<IURPSURÀOH6DDIURPORFDOLW\03<IURPSURÀOHDQGIRUWKUHHFRUUHVSRQGLQJLGHDOL]HG
PRGHOGLVWULEXWLRQVFRLQWDQGQRQFR7KHLGHDOFU\VWDORULHQWDWLRQV00000·DW\ 
DUHLOOXVWUDWHGLQÀJ
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7DEOH9ROXPHIUDFWLRQVRIRULHQWDWLRQFRPSRQHQWVLQWKHWKUHHPRGHOGLVWULEXWLRQV
)LJXUH(TXDODUHDSURMHFWLRQV XSSHUKHPLVSKHUHRI LGHDOFU\VWDORULHQWDWLRQVXVHGDVFHQWHUVIRU
PRGHOGLVWULEXWLRQV5HOHYDQWFU\VWDOGLUHFWLRQVVTXDUHVDQGSROHVFLUFOHVDUHPDUNHG
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&+$37(5
DWOHDVWPRQRFOLQLFV\PPHWU\ZLWKV\PPHWU\D[LV<$WH[WXUHRQO\ZLWK0DQG0LQ
HTXDOO\ ODUJHSRUWLRQVSRVVHVVHVRUWKRUKRPELF VDPSOH V\PPHWU\ ,IRQO\0 DQG0
ZRXOGEHSUHVHQWLQHTXDOVKDUHVWKHQWKHWH[WXUHZRXOGUHVHPEOHKH[DJRQDOFU\VWDODQG
VDPSOHV\PPHWU\ZLWKUHVSHFWWRWKHFU\VWDOFDQGDD[HV
7KHRULHQWDWLRQV0DQG0·KDYHWKHLUFD[LVSDUDOOHOWR=DQGDQDD[LVSDUDOOHO
WR;7KH\DUHPXWXDOO\UHODWHGE\DURWDWLRQDURXQG<,IWKH\DUHHTXDOO\SUHVHQW
WKHQ WKH WH[WXUH SUHVHUYHV PRQRFOLQLF V\PPHWU\ RWKHUZLVH WKH WZRIROG V\PPHWU\
DURXQG<LVEURNHQ
7KHSROHÀJXUHVIRUWKHWKUHHPRGHOVDUHVKRZQLQÀJWREHFRPSDUHGZLWK
WKRVH IRU WKH VDPSOHVRISURÀOH  ÀJ SURÀOH  ÀJ RU ORFDOLW\  ÀJ 
ERWWRP7KH\ UHVHPEOHSDUWLFXODUO\ WKHV\PPHWU\RI WKH WKUHH WH[WXUH W\SHVZKLFK LV
RUWKRUKRPELF IRUSURÀOH PRGHOFRPRQRFOLQLF IRUSURÀOH PRGHOQRQFRDQG
DV\PPHWULFIRUORFDOLW\PRGHOLQW
,QYHUVHSROHÀJXUHV
,QYHUVH SROH ¿JXUHV ,3) ZHUH FDOFXODWHG LQ RUGHU WR VKRZ WKH SUHIHUHQWLDO
RULHQWDWLRQRIFU\VWDOSODQHVDQGGLUHFWLRQVZLWKUHVSHFWWRFHUWDLQVDPSOHGLUHFWLRQV¿J
7KHVHDUHIROLDWLRQQRUPDO= )R1VWUHWFKLQJOLQHDWLRQ; 6W/LQLQWHUPHGLDWH
GLUHFWLRQ< ,QW'LU WZRFRQMXJDWHGLUHFWLRQVDWEHWZHHQ;DQG=&&:DQG
&:GLUHFWLRQVFRXQWHUFORFNZLVHF_DQGFORFNZLVHF_TIURP=DURXQG
<GLUHFWLRQVFORFNZLVHF`DQGFRXQWHUFORFNZLVHF`1IURP=DURXQG<
D >@ D >@ F U ^` I ^` VG ! VG !
VGE
U
F
F F
PD[  PD[ PD[  PD[  PD[  PD[  PD[ 
1RQ
FR
VGD VGE
U
PD[  PD[ PD[  PD[  PD[  PD[  PD[ 
,QW
&R
VGD VGE
U U
F F
PD[  PD[ PD[  PD[  PD[  PD[  PD[ 











OLQHDU VFDOH
HTXDO DUHD
SURMHFWLRQ
XSSHU
KHPLVSKHUH
)LJXUH3ROHÀJXUHVIRUWKHWKUHHLGHDOL]HGPRGHOGLVWULEXWLRQVFRLQWDQGQRQFRVDPHFDVHVDV
LQÀJ6DPHUHSUHVHQWDWLRQDVIRUWKHVWXGLHGVDPSOHVÀJVDQG
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&+$37(5
/LNHWKH2')DQGSROH¿JXUHVWKH,3)VKRZVLPLODUJHQHUDOFKDUDFWHULVWLFV7KH
,3) IRU=DQGF_KDYH WKHVKDUSHVWFRQFHQWUDWLRQVZKLFKDUH WRZDUGV WKHFD[LV7KH
,3)IRU;DQG<VKRZJLUGOHGLVWULEXWLRQVDORQJGLUHFWLRQVLQWKHEDVDOSODQHVZKHUHWKH
OLQHDWLRQ DQG VLPLODUO\F_T	 LVSUHIHUHQWLDOO\DOLJQHGQRUPDO WRSROHVRIPSULVPVRU
KUKRPERHGHUVDQGWKHLQWHUPHGLDWHGLUHFWLRQKDVDVRPHZKDWKLJKHUFRQFHQWUDWLRQRI
DD[HV7KH,3)IRUWKHWZRFRQMXJDWHGLUHFWLRQV&&:&:VKRZPD[LPDQHDU
UDQGIUKRPERHGHUSODQHVDQGVGDQGVGGLUHFWLRQV6XEWOHGLIIHUHQFHVDUHQRWLFHGDV
RQO\VDPSOHVIURPSUR¿OHDQGORFDOLW\VKRZVRPHVKRXOGHUWRZDUGVULQWKH,3)IRU
=DQGRQO\IRUSUR¿OHWKHWZR,3)IRU&&:DQG&:DUHLGHQWLFDODVH[SHFWHG
IRUV\PPHWU\UHDVRQV
'LVFXVVLRQ
'HIRUPDWLRQPHFKDQLVPV
7KHPLFURIDEULF HYROXWLRQ VKRZV WKH IROORZLQJ FKDUDFWHULVWLFVZLWK LQFUHDVLQJ
GLVWDQFH WR WKH EDVHPHQW DORQJ ERWK SURÀOHV  DQG   7KH H[WHQW RI G\QDPLF
UHFU\VWDOOLVDWLRQLQFUHDVHV7KHG\QDPLFDOO\UHFU\VWDOOLVHGJUDLQVVKRZDQLQFUHDVLQJ
GHJUHHRIVKDSHSUHIHUUHGRULHQWDWLRQ,QFUHDVLQJO\VWURQJHUWH[WXUHVGHYHORS7KHVH
REVHUYDWLRQV OHDG WR WKH LQWHUSUHWDWLRQ WKDW WKHVSDWLDOJUDGLHQWDFURVV WKHSURÀOHVDOVR
PDSVJUDGLHQWVLQÀQLWHVWUDLQDQGWKDWGHIRUPDWLRQKDVPRVWOLNHO\RFFXUUHGE\GRPLQDQW
GLVORFDWLRQFUHHSDFFRPSDQLHGE\G\QDPLFUHFU\VWDOOLVDWLRQ:KLOHWKHUHLVVRPHHYLGHQFH
DOVR IRUSUHVVXUHVROXWLRQDQG UHSUHFLSLWDWLRQJUDLQERXQGDU\VOLGLQJDQGRUGLIIXVLRQ
FUHHSZHUHSUHVXPDEO\QRWWKHGRPLQDQWGHIRUPDWLRQPHFKDQLVPVLQRXUVDPSOHVEHFDXVH
WKRVHDUHH[SHFWHGWRUHVXOWLQURFNVZLWKLVRWURSLFIDEULFV(GLQJWRQ6FKPLGHWDO
3DGPDQDEKDQ	'DYLHV6FKPLGHWDO5XWWHU	%URGLH
.LQHPDWLFVRIGHIRUPDWLRQFRD[LDOYVQRQFRD[LDO
7KH VDPSOHV IURPSUR¿OH H[KLELWPLFURIDEULF FKDUDFWHULVWLFV QRWDEO\ LQ WHUPV
RI632DQGWH[WXUHPHDVXUHPHQWVZKLFKSRVVHVVRUWKRUKRPELFVDPSOHV\PPHWU\ZLWK
UHVSHFWWRWKHVWUXFWXUDOUHIHUHQFHIUDPHGH¿QHGE\OLQHDWLRQ;IROLDWLRQQRUPDO=DQG
)LJXUH,QYHUVHSROHÀJXUHVIRUWKHWKUHHPRVWUHFU\VWDOOL]HGVDPSOHV03<IURPSURÀOH6DD
IURPORFDOLW\03<IURPSURÀOHDQGIRUWKUHHLGHDOL]HGPRGHOGLVWULEXWLRQVFRLQWDQGQRQFR
VDPHFDVHVDVLQÀJ6DPSOHUHIHUHQFHGLUHFWLRQVDUHIROLDWLRQQRUPDO)R1VWUHWFKLQJOLQHDWLRQ
6W/LQLQWHUPHGLDWHGLUHFWLRQ,QW'LUWZRFRQMXJDWHGLUHFWLRQVDWEHWZHHQOLQHDWLRQDQGIROLDWLRQ
QRUPDOWKHGLUHFWLRQVRIFD[LVPD[LPDF_DQGF`DQGSHUSHQGLFXODUWRWKHPF_1DQGF`1DORQJWKH
SROHÀJXUHSHULSKHU\&RQWRXULQJDVLQÀJHTXDODUHDSURMHFWLRQRIXSSHUKHPLVSKHUH
&+$37(5

LQWHUPHGLDWHVWUDLQD[LV<)DEULFVDUHDSSUR[LPDWHO\V\PPHWULFZLWKUHVSHFWWRURWDWLRQV
E\  DURXQG WKHVH WKUHH D[HV ZKLFK LV DOPRVW HTXLYDOHQW WR PLUURU V\PPHWULHV
SHUSHQGLFXODUWRWKHP7KH\GRQRWLQGLFDWHDQ\SUHIHUUHGVHQVHRIVKHDULQJLHGRQRW
FRQWDLQ DQ\ UHFRUG RI GRPLQDQW QRQFRD[LDO VLPSOH VKHDU GHIRUPDWLRQ:H LQWHUSUHW
WKHVHURFNVWREHGHIRUPHGXQGHUDFRD[LDOGHIRUPDWLRQSDWKZKHUHDOOWKUHHSULQFLSDO
D[HVDUHGLVWLQFWZKLFKLVSUHVXPDEO\FORVHWRSODQHVWUDLQLHSXUHVKHDU7KHLQIHUUHG
SULQFLSDOVWUHVVD[HVQHDUO\FRLQFLGHZLWK WKHD[HVRI WKHVWUXFWXUDO UHIHUHQFHIUDPHRI
SUR¿OHLHmLVRULHQWHGDERXWQRUPDOWRWKHPDFURVFRSLFIROLDWLRQDQGmIDOOVQHDU
WKHVWUHWFKLQJOLQHDWLRQZKLFKLQGHSHQGHQWO\GHPRQVWUDWHVFRQGLWLRQVRIFRD[LDOVWUDLQ
7KH VDPSOHV IURP SURÀOH  SRVVHVVPLFURVWUXFWXUHV DQG WH[WXUHV WKDW KDYH QR
PRUH WKDQPRQRFOLQLFVDPSOHV\PPHWU\ZLWKDVLQJOH WZRIROGV\PPHWU\D[LVDURXQG
WKH LQWHUPHGLDWHVWUDLQD[LV< ,W LVHPSKDVL]HG WKDW WKH IDEULFV\PPHWU\FRXOGQRWEH
UDLVHG MXVW E\ UHGHÀQLWLRQ RI WKH UHIHUHQFH IUDPH EXW WKDW WKHUH DUH GLVWLQFW IHDWXUHV
RULHQWHGUHODWLYHWRHDFKRWKHUWKDWEUHDNRUWKRUKRPELFV\PPHWU\7KHVHDUH6&IDEULFV
DQGDV\PPHWULFSUHVVXUHIULQJHVLQWKHPLFURVWUXFWXUHVDQGWKHSRVLWLRQDQGZHLJKWRI
RULHQWDWLRQFRPSRQHQWVUHODWLYHWRHDFKRWKHUDVZHOODVUHODWLYHWRSULPDU\DQGVHFRQGDU\
IROLDWLRQSODQHVLQWKHWH[WXUHV2QO\WKHLQWHUPHGLDWHD[HVmRIWKHLQIHUUHGSULQFLSDO
VWUHVVWHQVRUURXJKO\FRLQFLGHVZLWKDQD[HVWKH<D[LVRIWKHVWUXFWXUDOUHIHUHQFHIUDPH
RISURÀOHZKLOHmDQGmDUHRULHQWHGDWHTXDOO\ODUJHDQJOHVWRIROLDWLRQDQGOLQHDWLRQ
$OOWKLVLVFOHDUHYLGHQFHWKDWGHIRUPDWLRQRIWKHVHVDPSOHVPXVWKDYHRFFXUUHGRQDQRQ
FRD[LDOGHIRUPDWLRQSDWKZLWKYRUWLFLW\D[LVWRZDUGV<LHVLPSOHVKHDULQWKHLGHDOL]HG
FDVHRISODQHVWUDLQGHIRUPDWLRQ
7KHVDPSOHVRIWKHWZRSURÀOHVH[KLELWGLIIHUHQWW\SHVRIIDEULFVZKLFKGHYHORSHG
LQWKHVDPHOLWKRORJ\WKURXJKVLPXOWDQHRXVGHIRUPDWLRQXQGHUWKHVDPH37FRQGLWLRQV
7KHUHIRUH WKH GHIRUPDWLRQ PHFKDQLVPV DQG LQWHUQDO FRQGLWLRQV OLNH UDWLRV EHWZHHQ
FULWLFDO UHVROYHG VKHDU VWUHVVHV IRUDFWLYDWLQJGLIIHUHQW VOLS V\VWHPV VKRXOGKDYHEHHQ
LGHQWLFDO+HQFH WKHGLIIHUHQFHV LQ WH[WXUH HYROXWLRQ UHODWH WRGLIIHUHQWNLQHPDWLFVRI
GHIRUPDWLRQ
$V\PPHWULFIDEULFV
7KHPLFURVWUXFWXUH RI VDPSOH 6DD LQGLFDWHV WKDW WKLV URFNZDV GHIRUPHG E\
D VLJQLÀFDQW DPRXQWRI URWDWLRQDOGHIRUPDWLRQ ,WV WH[WXUH VKRZV VLPLODULWLHVZLWK WKH
WH[WXUHVRIVDPSOH03<SURÀOHFRD[LDODVZHOODVRIVDPSOH03<SURÀOHQRQ
FRD[LDO,WGLIIHUVIURPERWKDVLWGRHVQRWHTXDOO\EDODQFHWKHRULHQWDWLRQFRPSRQHQWV
DURXQG0DQG0·7KLVPHDQVQRQHRIWKHWKUHHVWUXFWXUDOUHIHUHQFHD[HVLVDFWXDOO\
DWZRIROGV\PPHWU\D[LVDQ\PRUHDQGWKHVWUDLQSDWKPXVWKDYHGHYLDWHGIURPSODQH

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VWUDLQ,WUHPDLQVSX]]OLQJWKDWWKHWH[WXUHUHVHPEOHVQHDUO\RUWKRUKRPELFV\PPHWU\ZLWK
UHVSHFWWRD[HVURWDWHGE\DERXWUHODWLYHWR;DQG<ZLWKLQWKHIROLDWLRQSODQHEHFDXVH
WKRVHDSSDUHQWV\PPHWU\GLUHFWLRQVKDYHQRSHQGDQWLQWKHÀHOGZKHQEDFNSURMHFWHGLQWR
JHRJUDSKLFFRRUGLQDWHV
6XLWDEO\RULHQWHGVOLSV\VWHPV
7KH IROORZLQJ VOLS V\VWHPV KDYH EHHQ FRQÀUPHG DV GRPLQDQW VOLS V\VWHPV IRU
FDOFLWH LQ H[SHULPHQWV RI7XUQHU HW DO *ULJJV HW DO 7XUQHU 	+HDUG
:HLVV	7XQHU%UDLOORQ	6HUXJKHWWL6SLHUV	:HQNDQG
'H%UHVVHU	6SLHUV
U^`VG! 7XUQHUHWDO
*ULJJVHWDO
7XUQHUDQG+HDUG
:HLVVDQG7XUQHU
%UDLOORQDQG6HUXJKHWWL
6SLHUVDQG:HQN
'H%UHVVHUDQG6SLHUV
'H%UHVVHUDQG6SLHUV
I^`VG! 7XUQHUHWDO
*ULJJVHWDO
6SLHUVDQG:HQN
I^`VG! 'H%UHVVHUDQG6SLHUV
'H%UHVVHUDQG6SLHUV
'H%UHVVHUDQG6SLHUV
F^`D! 'H%UHVVHUDQG6SLHUV
$VVXPLQJLGHDOSODVWLFUKHRORJ\RIDQLVRWURSLFPDWHULDOWKHPD[LPXPVKHDUVWUHVV
LVUHVROYHGRQWZRFRQMXJDWHSODQHVRULHQWHGDWEHWZHHQWKHWZRH[WUHPHSULQFLSDO
VWUHVVGLUHFWLRQVZKHUHWKHQRUPDOWRRQHSODQHLVDOVRWKHVKHDUGLUHFWLRQRQWKHRWKHU
SODQH,QFRD[LDOGHIRUPDWLRQWKHSULQFLSDOGLUHFWLRQVRIVWUHVVIDOOWRJHWKHUZLWKWKRVH
RIVWUDLQUDWHDVZHOODVÀQLWHVWUDLQWKXVWKHPD[LPXPVKHDUVWUHVVLVH[SHFWHGRQSODQHV
DW  WR; DQG= ,Q VLPSOH VKHDU DV D VSHFLDO FDVHRIQRQFRD[LDOGHIRUPDWLRQ WKH
SULQFLSDOGLUHFWLRQVDUHLGHQWLFDOIRUVWUHVVDQGVWUDLQUDWHEXWWKRVHRIÀQLWHVWUDLQURWDWH
ZLWKSURJUHVVLYHGHIRUPDWLRQDURXQGWKH<D[LVDQGFRQYHUJHWRDSRVLWLRQZKHUHmDQG
mPDNHHTXDODQJOHVRIERWK WR;DQG=*LYHQ WKDWGHIRUPDWLRQZDVGRPLQDWHG
E\VLPSOHVKHDULQJDQGKDVUHDFKHGKLJKVKHDUVWUDLQWKHDQJOHEHWZHHQWKHVKHDU]RQH
ERXQGDU\DQGWKHPDFURVFRSLFIROLDWLRQLVYHU\VPDOODQGLWFDQEHDVVXPHGWKDWWKHm
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GLUHFWLRQOLHVIRUVLQLVWUDOVKHDUQHDUWKHXSSHUULJKWORZHUOHIWFRUQHUVRIWKH;=SODQH
,QRWKHUZRUGVWKHPD[LPXPVKHDUVWUHVVLVWKHQUHVROYHGRQWKHIROLDWLRQSODQHDQGRQ
WKHSODQHSHUSHQGLFXODUWRWKHOLQHDWLRQ:KLOHERWKSRVLWLRQVDUHHTXDOO\VXLWHGDWDORFDO
VFDOHRQO\VKHDURQ WKH IROLDWLRQSODQHDORQJ OLQHDWLRQ LVJHRPHWULFDOO\ IHDVLEOHDW WKH
ODUJHUVFDOHRIDVKHDU]RQH
)RUDQ\JLYHQFU\VWDORULHQWDWLRQWKRVHVOLSVV\VWHPVDUHPRVWOLNHO\WREHDFWLYDWHG
RQZKLFKWKHKLJKHVWVKHDUVWUHVVLVUHVROYHGLHZKLFKDUHFORVHVWWRWKHDERYHSODQHVDQG
GLUHFWLRQVRIPD[LPXPUHVROYHGVKHDUVWUHVV2XUSDOHRVWUHVVDQDO\VLVPD\KDYHJLYHQ
VRPHLQGLFDWLRQVIRUWKHSULQFLSDOGLUHFWLRQVRIVWUHVVEXWWKHUHLVKDUGO\DQ\NQRZOHGJH
RQWKHPDJQLWXGHVRIWKHSULQFLSDOVWUHVVHV7KHUHIRUHZHUHVWULFWWKHIROORZLQJGLVFXVVLRQ
RQTXDOLWDWLYHDUJXPHQWV LQVWHDGRIDWWHPSWLQJ WRTXDQWLI\ WKHUHVROYHGVKHDUVWUHVVE\
PHDQVRIWKH6FKPLGWIDFWRUZKLFKZRXOGUHTXLUHIXUWKHUDVVXPSWLRQVRQWKHFRPSOHWH
VWUHVVWHQVRU
)RUFRD[LDOGHIRUPDWLRQHJSXUHVKHDUDVLQIHUUHGIRUWKHVDPSOHVIURPSURÀOH
WKHLULGHDOFU\VWDORULHQWDWLRQV0DQG0ERWKKDYHDU>VG@DQGDI>VG@VOLSV\VWHP
VXLWDEO\RULHQWHGDQGWRDOHVVHUH[WHQWDOVRDI>VG@V\VWHP7KHDGLUHFWLRQWKDWLVSDUDOOHO
WRWKH<D[LVLVJHRPHWULFDOO\GLVDEOHGWRVOLSDQGWKHRWKHUWZREDVDO>D@VOLSV\VWHPV
DUHUDWKHUXQVXLWDEO\RULHQWHG)RUWKHRULHQWDWLRQV0DQG0·WKHUHVROYHGVKHDUVWUHVV
YDQLVKHVIRUDOOWKUHHEDVDOVOLSV\VWHPVEXWVOLSRQFRQMXJDWHSDLUVRIU>VG@DQGI>VG@
LVSRVVLEOH
)RUQRQFRD[LDOGHIRUPDWLRQHJVLPSOHVKHDUDVLQIHUUHGIRUWKHVDPSOHVIURP
SURÀOHWKHLUPDLQRULHQWDWLRQV0DQG0KDYHUDQGISODQHVRULHQWHGDWDQG
WR WKHIROLDWLRQZKLFK WKXVDUHQRWZHOORULHQWHGVOLSSODQHV7KHEDVDOSODQH LQFOLQHG
DW WR WKHIROLDWLRQ´ZLWK WKHVHQVHRIVKHDUµ LV WKHRQO\SRWHQWLDOVOLSSODQH WKDW LV
FORVHWRWKHRULHQWDWLRQRIWKHEXONVKHDUSODQHDQGZKLFKFRXOGKDYHEHHQDFWLYDWHGE\
GXSOH[VOLSDORQJWKHWZRDGLUHFWLRQVWKDWDUHQRWSDUDOOHOWR<+RZHYHUJLYHQWKHDQJOH
RIEHWZHHQEDVDOSODQHDQGIROLDWLRQLWDSSHDUV WKDWDQWLWKHWLFVOLSDORQJ WKH IRUU
SODQHVZRXOGDOVREHQHHGHGLQRUGHUWRPDLQWDLQKRPRJHQHRXVVLPSOHVKHDUGHIRUPDWLRQ
0DQFNWHORZ6FKPLG%DVDO>D@VOLSV\VWHPVDUHSHUIHFWO\RULHQWHGIRUWKH
RULHQWDWLRQV0 DQG0·ZKLFK KRZHYHU GR QRW FRQVWLWXWH WKH SULPDU\ RULHQWDWLRQ
FRPSRQHQWVLQWKHWH[WXUHVDORQJSURÀOH
7H[WXUHVLQH[SHULPHQWDOO\GHIRUPHGVDPSOHV
7KHSXUHVKHDUWH[WXUHVDUHVLPLODUWRWKH´KLJKWHPSHUDWXUHW\SHµWH[WXUHVREWDLQHG
LQSXUHVKHDUH[SHULPHQWVRIPLFULWLFOLPHVWRQHVSHUIRUPHGE\:DJQHUHWDOLQD
WHVWLQJDSSDUDWXVZLWKWKUHHLQGHSHQGHQWVWUHVVDFWXDWRUVDW&7KLVH[SHULPHQWDOO\

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SURGXFHGWH[WXUHFRQVLVWVRIWZRVWURQJHUPD[LPDDWWKHSHULSKHU\RIWKHSROHÀJXUH
RQHLWKHUVLGHRIWKHVLJPDGLUHFWLRQDQGDWKLUGZHDNHUPD[LPXPSDUDOOHOWRWKHVLJPD
GLUHFWLRQ([FHSWIRUWKHZHDNHUPD[LPXPRXUWH[WXUHVUHVHPEOHWKH+7W\SHWH[WXUHV
RI:DJQHU HW DO  IRUZKLFK VOLSRQ WKH U DQG ISODQHVZDV LQIHUUHG WREH WKH
GRPLQDQWGHIRUPDWLRQPHFKDQLVP7KHFRUUHVSRQGLQJPLFURVWUXFWXUHV.HUQDQG:HQN
VKRZDVWURQJ632FRQVLVWHQWZLWKWKHLPSRVHGFRD[LDOVWUDLQSDWKDQGQRWZLQQLQJ
RUG\QDPLFUHFU\VWDOOLVDWLRQ$OVRLQFDVHRIRXUQDWXUDOVDPSOHVDW5RFKHUGHO·<UHWQR
WZLQQLQJLVREVHUYHG+HQFHWKHDEVHQFHRIWZLQQLQJDWKLJKHUWHPSHUDWXUHVDSSHDUVWREH
DQLPSRUWDQWFULWHULRQRIGLVWLQFWLRQEHWZHHQ´ORZµDQG´KLJKWHPSHUDWXUHµGHIRUPDWLRQ
LQWKHVHQVHRI:DJQHUHWDOHVSHFLDOO\LQWKHWH[WXUHHYROXWLRQVHHDOVR6FKPLG
HWDO  WKHLU´WZLQQLQJµYV WKHLU´LQWUDFU\VWDOOLQHVOLSµ UHJLPH7ZLQQLQJDFWLYLW\
LVIXUWKHUVXSSUHVVHGGXHWRWKHVPDOOJUDLQVL]HLQWKHOLPHVWRQHDQGLQRXUP\ORQLWHV
ZKLOHDFRDUVHJUDLQHGPDUEOHZRXOGVWLOOHDVLO\WZLQXQGHUWKHVDPHFRQGLWLRQV0RGHO
VLPXODWLRQVRIWKHWH[WXUHHYROXWLRQE\GLVORFDWLRQJOLGHDUHFRQVLVWHQWZLWKWKHREVHUYHG
WH[WXUHVLQWKHDEVHQFHRIWZLQQLQJ:DJQHUHWDO.HUQ	:HQN:HQNHWDO

6LQFH WKH SXUH VKHDU H[SHULPHQWV KDYH QRW EHHQ FDUULHG RXW WR KLJK HQRXJK
VWUDLQVWKHUROHRIG\QDPLFUHFU\VWDOOL]DWLRQIRUWH[WXUHHYROXWLRQFRXOGQRWEHDVVHVVHG
H[SHULPHQWDOO\,WLVOLNHO\WKDWUHFU\VWDOOL]DWLRQE\VXEJUDLQURWDWLRQDQGORFDOERXQGDU\
PLJUDWLRQSURFHVVHVGRQRWDOWHUWKHWH[WXUHW\SHEXWVWUHQJWKHQWKHWH[WXUHZLWKSURJUHVVLYH
GHIRUPDWLRQVLPLODUO\DVREVHUYHGLQWKH5<6=VDPSOHVRISURÀOH
1RQHRIWKHVWXGLHVRIWH[WXUHHYROXWLRQLQH[SHULPHQWDOVLPSOHVKHDU6FKPLGHW
DO3LHULHWDODEKDVSURGXFHGH[DFWO\WKHVDPHWH[WXUHVDVWKRVHREVHUYHGLQ
WKH5<6=6FKPLGHWDOREVHUYHGVLPLODUWH[WXUHVLQWKHLU&´JUDLQERXQGDU\
PLJUDWLRQUHJLPHµH[SHULPHQWVZLWKDGLVWLQFWFD[LVPD[LPXPURWDWHGZLWKWKHVHQVHRI
VKHDUUHODWLYHWRIROLDWLRQZKLFKWKH\DOVRLQIHUUHGGXHWRDGRPLQDWLQJFRQWULEXWLRQRI
VOLSLQWKHEDVDOSODQH3UHIHUUHGRULHQWDWLRQVVLPLODUWR0ZLWKFD[HVLQFOLQHGZLWKWKH
VHQVHRIVKHDUGHYHORSHGLQWRUVLRQH[SHULPHQWVRI&DUUDUDPDUEOHDW&DQG&
DIWHUYHU\ ODUJH VKHDU VWUDLQ a* 7ZLQQLQJRI WKH LQLWLDOO\FRDUVHJUDLQHGPDUEOH
FRQWUROOHGWKHWH[WXUHIRUPDWLRQDWVPDOOVWUDLQDQGFDXVHGDFD[LVPD[LPXPRSSRVLWH
WRWKHVHQVHRIVKHDU7ZLQQLQJZDVOHVVLPSRUWDQWLQWKHÀQHJUDLQHGP\ORQLWHDWODUJH
VWUDLQZKLFKWKHQFDXVHGWKHWH[WXUHWUDQVLWLRQ
7H[WXUHHYROXWLRQLQQDWXUDOO\GHIRUPHGOLPHVWRQHV
2QH JHRPHWULF DVVXPSWLRQ RIWHQPDGH IRU WH[WXUH LQWHUSUHWDWLRQ LV WKDW GXULQJ
SURJUHVVLYHVLPSOHVKHDUGHIRUPDWLRQDFFRPSDQLHGE\G\QDPLFUHFU\VWDOOL]DWLRQRQHRU
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VHYHUDOGLVWLQFWVOLSSODQHVWHQGWRDOLJQSDUDOOHORUDWVPDOODQJOHVWRWKHEXONVKHDUSODQH
DQGFRUUHVSRQGLQJVOLSGLUHFWLRQVWHQGVWRDOLJQZLWKWKHEXONVKHDUGLUHFWLRQRIWKHURFN
1LFRODVHWDO%RXFKH]6FKPLG(WFKHFRSDU
7KLVVRFDOOHG¶HDV\VOLS·LPSOLHVWKDWWKHPLFURVFRSLFGHIRUPDWLRQVLPSOHVKHDU
E\FU\VWDOSODVWLFVOLSRQRQHVOLSV\VWHPFRLQFLGHVZLWKWKHPDFURVFRSLFGHIRUPDWLRQ
ZKLFK LVH[FOXVLYHO\SRVVLEOH IRUVLPSOHVKHDUNLQHPDWLFV ,QDQ\RWKHUVWUDLQ UHJLPH
SDUWLFXODUO\LQFRD[LDOGHIRUPDWLRQLQFOXGLQJSXUHVKHDUKRPRJHQHRXVGHIRUPDWLRQRIDQ
DJJUHJDWHUHTXLUHVVLPXOWDQHRXVDFWLYDWLRQRIVHYHUDOVOLSV\VWHPVDQGFDXVHVFRQWLQXRXV
URWDWLRQRIWKHFU\VWDOODWWLFH
7KH SUHYLRXV GLVFXVVLRQ UHYHDOHG WKDW WKHUH VHHPV WR EH D JUDGXDO VKLIW IURP
SUHGRPLQDQWUKRPEVOLSUDQGIVOLSLQSXUHVKHDUWRSUHGRPLQDQWEDVDOVOLSLQVLPSOH
VKHDU7KLVVHHPV WR LPSO\ WKDW WKHNLQHPDWLFVRIGHIRUPDWLRQKDVDQ LQÁXHQFHRQ WKH
DFWLYLW\RIWKHVOLSV\VWHPV$WÀUVWVLJKWWKLVDSSHDUVLQWULJXLQJVLQFHWKHFULWLFDOUHVROYHG
VKHDUVWUHVVHVRIWKHYDULRXVVOLSV\VWHPVVKRXOGQRWEHLQÁXHQFHGE\WKHNLQHPDWLFVRI
GHIRUPDWLRQ+RZHYHUWKHWH[WXUHHYROXWLRQLVDOVRLQÁXHQFHGE\G\QDPLFUHFU\VWDOOLVDWLRQ
VHHUHYLHZE\6FKPLG,QWKHFDVHRIVLPSOHVKHDUJUDLQVZLWKWKHLUFD[LVRULHQWDWLRQV
LQFOLQHGDJDLQVWWKHVHQVHRIVKHDUDUHXQVXLWDEO\RULHQWHGIRUEDVDOVOLSDQGPD\KHQFH
EHHOLPLQDWHGE\QXFOHDWLRQDQGSUHIHUHQWLDOJURZWKRIJUDLQVWKDWDUHVXLWDEO\RULHQWHG
LQWHUPVRIEDVDOVOLS3URYLGHGWKDWJUDLQVZLWKRULHQWDWLRQVWKDWDUHQRWVXLWDEO\RULHQWHG
IRUEDVDOVOLSDFWDVORFDOVWUHVVUDLVHUVGXULQJVLPSOHVKHDULQJWKH\ZLOOEHSUHIHUHQWLDOO\
FRQVXPHGE\G\QDPLFUHFU\VWDOOLVDWLRQ'\QDPLFUHFU\VWDOOLVDWLRQUHVXOWVLQDVWDWLRQDU\
F\FOHRIQHZO\ IRUPHGVPDOOJUDLQV WKURXJKVXEJUDLQ URWDWLRQDQGRUEXOJLQJZKLFK
JURZDQGGHIRUPE\VOLSXQWLOWKH\ZLOOEHFRQVXPHGDJDLQE\WKHLUQHLJKERXUV:KLOH
LQGLYLGXDOJUDLQVSHUPDQHQWO\FKDQJHWKHLUVL]HVKDSHDQGRULHQWDWLRQWKHPLFURVWUXFWXUH
DQGWH[WXUHRQDYHUDJHUHPDLQFRQVWDQWZLWKVWUDLQDIWHUDFHUWDLQLQLWLDOLVDWLRQ7KHUDWH
RIWKHVHUHFU\VWDOOLVDWLRQF\FOHVLVODUJHO\DIIHFWHGE\WKHLPSXULW\FRQWHQWDWWKHPLFUR
DQGQDQRVFDOH +HUZHJKDQG.XQ]H7KHQXPPXOLWLF OLPHVWRQHRI5<6=PXVW
EHFRQVLGHUHGDUDWKHULPSXUHFDOFLWHURFNLQWKDWVHQVHDVLWFRQWDLQVHQRXJKLPSXULWLHV
WRSUHYHQWJUDLQJURZWKDQGWRGHFHOHUDWHWKHPLFURVWUXFWXUDOUHVHWWLQJ7KHODWWHUPLJKW
DOVREHD UHDVRQ IRU WKHJHQHUDOREVHUYDWLRQ WKDW WKHPLFURIDEULFV LQFDOFLWHP\ORQLWHV
IURPSXUH VKHDUDQG VLPSOH VKHDUGRPLQDWHG VWUDLQSDWKVDUHDFWXDOO\PRUH VLPLODU WR
HDFKRWKHUWKDQZKDWVKRXOGEHH[SHFWHGIURPWKHGLIIHUHQWNLQHPDWLFVWKHPVHOYHVZKLFK
KDYHWKHLUSULQFLSDOD[HVIRULQFUHPHQWDOVWUDLQDQGVWUHVVURWDWHGE\UHODWLYHWRHDFK
RWKHU:KHQPLFURIDEULFUHVHWWLQJLVQRWLPPHGLDWHEXWUHWDUGHGODWWLFHURWDWLRQVGXHWR
GHIRUPDWLRQE\VOLSEULQJWKHWH[WXUHVLQFORVHUUHODWLRQWRWKHÀQLWHVWUDLQFRRUGLQDWHVDW
OHDVWIRUDORQJHULQWHUYDOLHWRDUHIHUHQFHV\VWHPGHÀQHGE\IROLDWLRQDQGOLQHDWLRQ
'\QDPLFUHFU\VWDOOLVDWLRQKDVDOVREHHQ LQFRUSRUDWHG LQWRPRGHOVRI WH[WXUHIRUPDWLRQ

&+$37(5
WKURXJKVOLSDFFRPSDQLHGE\JUDLQJURZWKDQGQXFOHDWLRQZKHUHWKHUHVXOWLQJWH[WXUHV
DUHGRPLQDWHGE\¶HDV\VOLS·RULHQWDWLRQVLIQXFOHDWLRQLVDVVXPHGWRGRPLQDWHRYHUJUDLQ
JURZWKZKLFKLVDUHDVRQDEOHSURSRVLWLRQIRUP\ORQLWLFGHIRUPDWLRQ3LHULHWDO
DQGUHIHUHQFHVWKHUHLQ
,QVXPPDU\RIRXUHPSLULFDOREVHUYDWLRQVDWH[WXUHWUDQVLWLRQDVIXQFWLRQRIVWUDLQ
SDWKLVVFKHPDWLFDOO\GHSLFWHGLQÀJIROORZLQJLGHDVSURSRVHGIRUTXDUW]E\6FKPLG
DQG&DVH\:HHPSKDVL]HKRZHYHUWKDWLQFDVHRIFDOFLWHWKHVLPSOHVKHDUHQG
PHPEHUGRHVQRWLQYROYHVOLSDORQJRQHVLQJOHVOLSV\VWHPRQO\QDPHO\WKHEDVDOSODQHEXW
DQWLWKHWLFDOVOLSRQUDQGIDOVRFRQWULEXWHGWRGHIRUPDWLRQ6OLSDORQJDVLQJOHVOLSV\VWHP
LVRQO\SRVVLEOHLIWKLVVOLSV\VWHPLVSHUIHFWO\DOLJQHGZLWKWKHVKHDU]RQHERXQGDU\7KH
REOLTXLW\EHWZHHQEDVDOSODQHDQGIROLDWLRQLVWRRKLJKLQFDVHRIWKHXOWUDP\ORQLWHV
IRUZKLFKWKHIROLDWLRQLVH[SHFWHGWRQHDUO\FRLQFLGHZLWKWKHVKHDU]RQHERXQGDU\
7RRXUNQRZOHGJHDOOSXEOLVKHGREOLTXHFDOFLWHFD[LV WH[WXUHV VHH IRUH[DPSOH
%HKUPDQQ  'LHWULFK DQG 6RQJ  6FKPLG HW DO  5DWVFKEDFKHU HW DO
H[KLELWPD[LPDRULHQWHG´DJDLQVW WKHVHQVHRIVKHDUµDVH[SHFWHGZKHQFDOFLWH
HWZLQQLQJ LV UHVSRQVLEOH IRU WH[WXUH HYROXWLRQ 6FKPLG HW DO  ,Q RXU VDPSOHV
KRZHYHU WZLQQLQJZDV VXSSUHVVHGE\ WKH VPDOOJUDLQ VL]HDQGHOHYDWHG WHPSHUDWXUHV
7KHFD[LVPD[LPDRULHQWHG´ZLWKWKHVHQVHRIVKHDUµFRUUHVSRQGWRZKDWLVFRQVLVWHQWO\
IRXQGIRUTXDUW]P\ORQLWHV6FKPLGDQG&DVH\ZKLFKDUHVLPLODUO\DWWULEXWHGWR
GRPLQDQWEDVDOVOLS
7ZRFRQGLWLRQVQHHG WREHVDWLVÀHG LI WKH LQWHUSUHWDWLRQRI WKH WH[WXUH WUDQVLWLRQ
GLVFXVVHG VR IDU LV FRUUHFW 7KH VOLS V\VWHPV LQYROYHG U I DQGEDVDOSODQHQHHG
WR KDYH FRPSDUDEOH FULWLFDO UHVROYHG VKHDU VWUHVVHV DW WKH WHPSHUDWXUH FRQGLWLRQV RI
GHIRUPDWLRQ DQG  WKHUH PXVW EH YHU\ VXERUGLQDWH WZLQQLQJ GXULQJ GHIRUPDWLRQ
&RQGLWLRQ DSSHDUV WREHVDWLVÀHGIRU WKHKLJK WHPSHUDWXUHGHIRUPDWLRQUHJLPH 'H
%UHVVHU	6SLHUV &RQGLWLRQ DSSHDUV WREHVDWLVÀHG LQPDQ\H[SHULPHQWDOO\
DQGQDWXUDOO\GHIRUPHGVDPSOHVZKHUHG\QDPLFUHFU\VWDOOL]DWLRQGRPLQDWHV3LHULHWDO
DE6FKPLGHWDO:DJQHUHWDO/DIUDQFHHWDO%HVWPDQQHWDO

:KHWKHUFDOFLWH WH[WXUHVDQG WKHLUDV\PPHWU\FDQEHXVHGDVXQHTXLYRFDOVKHDU
VHQVHFULWHULDUHPDLQVDQRSHQTXHVWLRQDQGPLFURVWUXFWXUDOFULWHULDVXFKDVREOLTXH632
DUHFHUWDLQO\PRUH UHOLDEOHFULWHULD ,IQR WZLQQLQJRFFXUV LWDSSHDUV WKDWHLWKHU FD[LV
PD[LPDQRUPDOWRIROLDWLRQRUPD[LPDURWDWHGV\QWKHWLFDOO\ZLWKWKHVHQVHRIVKHDUPD\
IRUP,IWZLQQLQJLVGRPLQDQWGXULQJGHIRUPDWLRQWKHFD[LVPD[LPXPZLOOEHURWDWHG
DQWLWKHWLFDOO\WRLH´ DJDLQVWµWKHVKHDUVHQVHDQGDQDV\PPHWU\RSSRVLWHWRWKDWREVHUYHG
IRUWKHVDPSOHVIURP5RFKHUG·<UHWLVH[SHFWHG7KXVIRUDOOSUDFWLFDOSXUSRVHVFDOFLWH
WH[WXUHVVKRXOGRQO\EHXVHGLQFRQMXQFWLRQZLWKVKDSHIDEULFDQDO\VHVDQGPLFURVWUXFWXUDO
&+$37(5
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)LJXUH6NHWFKVXPPDUL]LQJWKHHYROXWLRQRIWKHFDOFLWHFD[LVGLVWULEXWLRQGXULQJWKHWUDQVLWLRQIURP
FRD[LDOGRPLQDWHGWRQRQFRD[LDOGRPLQDWHGGHIRUPDWLRQXQGHUFRQGLWLRQVVXSUHVVLQJWZLQQLQJ3ROHVDQG
SURMHFWLRQVRIVOLSSODQHVDQGVOLSGLUHFWLRQVDUHUHSRUWHGIRUWKHPDLQLGHDORULHQWDWLRQFRPSRQHQWVZKLFK
DUHVXLWDEO\RULHQWHGIRUVOLSXQGHUWKHDVVXPHGNLQHPDWLFV%ODFNV\PEROVEHORQJWRRULHQWDWLRQVZLWKF
D[LVDWF_00ZKLWHV\PEROVDWF`0JUH\V\PEROVDWFa00·

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VWXGLHVRIWZLQQLQJDQGG\QDPLFUHFU\VWDOOL]DWLRQ
&+$37(5

6XPPDU\DQG&RQFOXVLRQV
7ZR VDPSOH VHULHV IURP WKH5RFKHU GH O·<UHW VKHDU ]RQHZHUH VWXGLHGZKLFK
GHIRUPHGDWWKHVDPHWLPHXQGHUFRQGLWLRQVRIORZDQFKL]RQHPHWDPRUSKLFFRQGLWLRQV
)URPWKHIDEULFDQDO\VLVRIERWK]RQHVLWLVFRQFOXGHGWKDWRUWKRUKRPELF632V\PPHWU\
LV LQGLFDWLYHRISXUHVKHDUGRPLQDWHGGHIRUPDWLRQZKLOHPRQRFOLQLF632V\PPHWU\ LV
LQGLFDWLYHRI VLPSOH VKHDUGRPLQDWHGGHIRUPDWLRQ7KH WH[WXUHVRI WKHVH VDPSOHVDOVR
VKRZRUWKRUKRPELFDQGPRQRFOLQLFV\PPHWULHVUHVSHFWLYHO\DQGFRQÀUPWKHFRQFOXVLRQ
WKDW WKH WZR SURÀOHV UHSUHVHQW FDVHV WKDW DUH FORVH WR WKH SXUH DQG VLPSOH VKHDU HQG
PHPEHUV
,QJHQHUDO WKH632DQG WH[WXUHDQDO\VLVRI VDPSOHV IURP WKH5RFKHUGH O·<UHW
GHIRUPDWLRQ]RQHLQGLFDWHVWKDWWKHV\PPHWU\RIFDOFLWHIDEULFVDSSHDUVWRLQGLFDWHVLPSOH
VKHDUGHIRUPDWLRQIRUPRQRFOLQLFIDEULFV2UWKRUKRPELFIDEULFV\PPHWU\KRZHYHUPD\
EXWGRHVQRWQHFHVVDULO\KDVWRLQGLFDWHSXUHVKHDUGHIRUPDWLRQEHFDXVHWKHODWWHUPD\
DOVREHSURGXFHGE\VLPSOHVKHDUVWUDLQSDWKVDVGRFXPHQWHGLQWKHOLWHUDWXUH6FKPLGHW
DO/DIUDQFH3LHULHWDODE7KHW\SHRIFD[LVSDWWHUQVREVHUYHGLQWKH
VLPSOHVKHDUVDPSOHVVKRZVVRPHGHYLDWLRQIURPWH[WXUHVUHSRUWHGIURPRWKHUQDWXUDOO\
GHIRUPHG FDOFLWLF URFNVZKHUH DQREOLTXH FD[LVPD[LPXP W\SLFDOO\RFFXUVRSSRVLWH
WRWKHVHQVHRIVKHDUGXHWRHWZLQQLQJ7KHFD[LVPD[LPXPURWDWHGV\QWKHWLFDOO\ZLWK
WKHVHQVHRIVKHDUPD\EHDOVRXVHGDVDVKHDUVHQVH LQGLFDWRUSURYLGHG WKDW LWFDQEH
GHPRQVWUDWHGWKDWWZLQQLQJLQFDOFLWHLVRIVXERUGLQDWHLPSRUWDQFHFRPSDUHGWREDVDOVOLS
ZKLFKLVOLNHO\WKHFDVHIRUÀQHJUDLQHGFDOFLWHP\ORQLWHV
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$FNQRZOHGJPHQWV
7KHÀUVWDXWKRUZLVKHVWRWKDQNDOOWKHFROOHDJXHVIURPWKHWHFWRQLFJURXSDWWKHLQVWLWXWH
RIJHRORJ\DQGSDOHRQWRORJ\RIWKH%DVHO8QLYHUVLW\IRUVWLPXODWLQJGLVFXVVLRQV
3LHUUH 'q]HV DQG.RQUDG /HX DUH JUHDWO\ DFNQRZOHGJHG IRU DVVLVWDQFH LQ FRPSXWHU
SURJUDPPLQJ
$VSHFLDOWKDQNLVJLYHQWR:LOO\7VFKXGLQIRUSUHSDULQJH[FHOOHQWXOWUDWKLQVHFWLRQV
7KLVVWXG\ZDVIXQGHGE\WKH6ZLVV1DWLRQDO6FLHQFH)RXQGDWLRQ
6RIWZDUHXVHG
>@7HFWRQLF9%D2UWQHU+KWWSJHRSDOXLENDFDWWYEIURQWKWPO
>@1,+LPDJHSXEOLFGRPDLQVRIWZDUHKWWSUVELQIRQLKJRYQLKLPDJHGRZQORDGKWPO
>@6WULSVWDUKWWSZZZXQLEDVFKHDUWKPLFURVRIWZDUHJUDLQVL]HJUDLQVL]HKWPO
5HIHUHQFHV
$QJHOLHU - DQG 0HFKOHU 3  6XU XQH PHWKRGH JUDSKLTXH GH UHFKHUFKH GHV
FRQWUDLQWHVSULQFLSDOHVHJDOHPHQWXWLOLVDEOHVHQWHFWRQLTXHHWHQVHLVPRORJLHODPHWKRGH
GHVGLHGUHVGURLWV%XOOHWLQGHOD6RFLHWH*HRORJLTXHGH)UDQFH
$SUDKDPLDQ-/DFULVWDOOLQLWHGHO·LOOLWHHWOHVPLQHUDX[DUJLOHX[HQERUGXUHGHV
PDVVLIVFULVWDOOLQVH[WHUQHVGH%HOOHGRQQHHWGX3HOYRX[YDULDWLRQVHWUHODWLRQVSRVVLEOHV
DYHFGHVHYHQHPHQWVWHFWRQLTXHVHWPHWDPRUSKLTXHVDOSLQV*HRORJLH$OSLQH
$SUDKDPLDQ -  &DUWRJUDSKLH GXPHWDPRUSKLVPH IDLEOH D WUHV IDLEOH GDQV OHV
$OSHVIUDQFDLVHVH[WHUQHVSDUO¶XWLOLVDWLRQGHODFULVWDOOLQLWHGHO¶LOOLWH*HRGLQDPLFD$FWD
9ROXPH
%DJQRXG$:HUQOL5DQG6DUWRUL0'HFRXYHUWHGHIRUDPLQLIHUHVSODQFWRQLTXHV
SDOHRJHQHVGDQVOD]RQHGH6LRQ&RXUPD\HXUD6LRQ9DODLV6XLVVH(FORJDH*HRORJLFDH
+HOYHWLDH
%DUQKRRUQ$%\VWULFK\0%XUOLQL/.XQ]H.7KHUROHRIUHFU\VWDOOLVDWLRQ
RQWKHGHIRUPDWLRQEHKDYLRXURIFDOFLWHURFNVODUJHVWUDLQWRUVLRQH[SHULPHQWVRQ&DUUDUD
PDUEOH-RXUQDORI6WUXFWXUDO*HRORJ\
%HDFK$7KUXVWVWUXFWXUHVLQWKHHDVWHUQ'DXSKLQRLV=RQH)UHQFK$OSVQRUWKRI
WKH3HOYRX[0DVVLI-RXUQDORI6WUXFWXUDO*HRORJ\
%HKUPDQQ-+0LFURVWUXFWXUHDQGIDEULFWUDQVLWLRQVLQFDOFLWHWHFWRQLWHVIURPWKH
&+$37(5

6LHUUD$OKDPLOOD6SDLQ*HRORJLVFKH5XQGVFKDX
%HVWPDQQ0.XQ]H.DQG0DWWKHZV$(YROXWLRQRIDFDOFLWHPDUEOHVKHDU
]RQHFRPSOH[RQ7KDVVRV,VODQG*UHHFHPLFURVWUXFWXUDODQGWH[WXUDOIDEULFVDQGWKHLU
NLQHPDWLFVLJQLÀFDQFH-RXUQDORI6WUXFWXUDO*HRORJ\9RO
%RXFKH] -/  3UHIHUUHG RULHQWDWLRQV RI TXDUW] D! D[HV LQ VRPH WHFWRQLWHV
NLQHPDWLFLQIHUHQFHV7HFWRQRSK\VLFV77
%UDLOORQ3D6-'HIRUPDWLRQSODVWLTXHGHPRQRFULVWDX[GHFDOFLWHHQFRPSUHVVLRQ
VXLYDQW!3K\VLFD6WDWXV6ROLGLD
%UDYDUG&DQG*LGRQ0/DVWUXFWXUHGXUHYHUVRULHQWDOGX0DVVLIGX3HOYRX[
REVHUYDWLRQVHWLQWHUSUHWDWLRQVQRXYHOOHV*HRORJLH$OSLQH
%URGLH.+DQG5XWWHU(+7KHUROHRIWUDQVLHQWO\ÀQHJUDLQHGUHDFWLRQSURGXFWV
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
7XUQHU)-D++&'HIRUPDWLRQLQFDOFLWHFU\VWDOVDWGLIIHUHQWVWUDLQUDWHV8QLY
&DOLI3XEO*HRO6FL
:DJQHU ):HQN+5.HUQ++RXWWH 39 DQG (VOLQJ &  'HYHORSPHQW
RI SUHIHUUHG RULHQWDWLRQ LQ SODQH VWUDLQ GHIRUPHG OLPHVWRQH H[SHULPHQW DQG WKHRU\
&RQWULEXWLRQVWR0LQHUDORJ\DQG3HWURORJ\
:HLVV /( DQG 7XUQHU )-  6RPH 2EVHUYDWLRQV RQ 7UDQVODWLRQ *OLGLQJ DQG
.LQNLQJLQ([SHULPHQWDOO\'HIRUPHG&DOFLWHDQG'RORPLWH)ORZDQG)UDFWXUHRI5RFNV

&+$37(5
*HRSK\VLFDO0RQRJUDSK
:HQN+50DWWKLHV6'RQRYDQ-&KDWHLJQHU'%($57(;D:LQGRZVEDVHG
SURJUDPV\VWHPIRUTXDQWLWDWLYHWH[WXUHDQDO\VLV-RXUQDORI$SSOLHG&U\VWDOORJUDSK\

:HQN+57DNHVKLWD7%HFKOHU((UVNLQH%*DQG0DWWKLHV63XUHVKHDU
DQG VLPSOH VKHDUFDOFLWH WH[WXUHVFRPSDULVRQRIH[SHULPHQWDO WKHRUHWLFDODQGQDWXUDO
GDWD-RXUQDORI6WUXFWXUDO*HRORJ\
:HQN+59HQNLWDVXEUDPDQ\DQ&6%DNHU':DQG7XUQHU)-3UHIHUUHG
2ULHQWDWLRQ LQ([SHULPHQWDOO\'HIRUPHG/LPHVWRQH&RQWULEXWLRQV WR0LQHUDORJ\DQG
3HWURORJ\
:\FNRII5:*7KHFU\VWDOVWUXFWXUHVRIVRPHFDUERQDWHVRIWKHFDOFLWHJURXS
$PHULFDQ-RXUQDORI6FLHQFH
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
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0,&52)$%5,&$1$/<6,6 2) &$/&,7,&0$5%/(6 )520
7+($5($ ,19(67,*$7(' ,17+(:(67(51$/36$1'7+(
*$9$51,(%$6$/&217$&7&(175$/3<5(1((6
&+$37(5

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,QWURGXFWLRQ
 ,QWKHSUHYLRXVFKDSWHUDPRGHORIPLFURIDEULFHYROXWLRQRIFDOFLWHXOWUDP\ORQLWHV
SODVWLFDOO\GHIRUPHGDW WHPSHUDWXUHV ORZHU WKDQ &KDVEHHQSUHVHQWHG7KHYHU\
VSHFLÀFVHWWLQJRIWKHRXWFURSLQYHVWLJDWHGLQJUHDWGHWDLOVDWWKH´5RFKHUGHO·<UHWµVKHDU
]RQH 5<6=DOORZHGIRU WKHUHFRJQLWLRQRIERWKFRD[LDODQGQRQFRD[LDOGHIRUPDWLRQ
NLQHPDWLFV7KHVDPSOHVGHIRUPHGZLWKDGRPLQDQWFRPSRQHQWRIURWDWLRQDOGHIRUPDWLRQ
VKRZDFD[LVGLVWULEXWLRQWLOWHGV\QWKHWLFDOO\ZLWKWKHVHQVHRIVKHDU,QWKHDEVHQFHRI
WZLQQLQJWKLVIHDWXUHFRPPRQO\REVHUYHGIRUTXDUW]WHFWRQLWHVFDQEHXVHGDVDUHOLDEOH
VKHDU VHQVH LQGLFDWRU$GGLWLRQDOO\ WKHPRGHO DOORZV IRU WKH UHFRJQLWLRQ RI LQFLSLHQW
URWDWLRQDOGHIRUPDWLRQLQWKHEXONÁRZDFFRPRGDWHGLQWKHURFN
 7KHVWUXFWXUDOGDWDSUHVHQWHGLQFKDSWHUZLOOQRZEHFRPSOHWHGE\PHDQVRID
PLFURIDEULFDQDO\VLVRIDVHULHVRIFDOFLWLFPDUEOHVIRXQGLQDEXQGDQFHLQWKHLQYHVWLJDWHG
DUHD
 7KHUHVXOWVRILQYHVWLJDWLRQVRQFDOFLWHXOWUDP\ORQLWHVIRXQGDORQJWKH5RVHOHQG
7KUXVW 57 DUH SUHVHQWHG ÀUVW )RXU ORFDOLWLHV DORQJ WKH57 KDYH EHHQ LQYHVWLJDWHG
EHWZHHQWKHHDVWHUQULPRIWKH3HOYRX[PDVVLILQWKH1RUWKDQGWKHUHDURIWKH$UJHQWHUD
PDVVLI LQ WKH6RXWK VLWHV%)</DX]5HRWDQG$UJ LQÀJ7KLVVWXG\DLPV WR
LQGHSHQGHQWO\ FRQÀUP WKHRYHUDOO:1:GLUHFWHG VHQVHRI WUDQVSRUW DORQJ WKH57 
GHGXFHWKHW\SHRIVWUDLQDORQJWKLVVWUXFWXUHDQGLWVSRVVLEOHYDULDWLRQVXVLQJWKHPRGHO
RIPLFURIDEULFHYROXWLRQSUHVHQWHGLQFKDSWHU
 ,Q D VHFRQG VWHS WKH EDVDO GHFROOHPHQW RI WKH 'DXSKLQRLV SDUDXWRFKWRQRXV
FRYHU IURP WKH VRXWKHDVWHUQ ULP RI WKH 3HOYRX[ PDVVLI ZLOO EH LQYHVWLJDWHG 6XFK
GHFROOHPHQWRFFXUUHGZLWKLQWKHQXPPXOLWLFOLPHVWRQHOD\HULQWHQVLYHO\P\ORQLWLVHGLQ
WKH'RUPLOORXVHYDOOH\VLWH'RUPVHHÀJDQG7KLVVWXG\FRQÀUPVWKHRYHUDOO
WRS6:RYHUSULQWLQJGHIRUPDWLRQUHFRUGHGLQWKLVGRPDLQDQGGRFXPHQWVLPSRUWDQWEXON
ÁRZSDUWLRQQLQJZLWKLQWKHEDVDOGHFROOHPHQWOHYHORIWKH(RFHQHVWUDWLJUDSKLFVHULHV
 )LQDOO\WKHUHVXOWVRILQYHVWLJDWLRQVRQVDPSOHVIURPWKH*DYDUQLHWKUXVWIURPWKH
FHQWUDO3\UHQHHVFRXUWHV\-+3GH%UHVVHUZLOOEHSUHVHQWHGVHHÀJ7KHUHVXOWV
DUH LQDFFRUGDQFHZLWK WKHRYHUDOO WRS6GLUHFWHGHPSODFHPHQWRI WKH*DYDUQLHQDSSH
GXULQJ3\UHQHDQRURJHQ\DQGJLYHHYLGHQFHIRUVWUDLQYDULDWLRQVZLWKLQWKHVKHDU]RQH
GHYHORSHGDORQJWKH*DYDUQLHEDVDOWKUXVW
&+$37(5

0HWKRGRORJ\
 )RUHDFKORFDOLW\DWOHDVWWKUHHVDPSOHVKDYHEHHQVWXGLHGIRUVWDWLVWLFDOO\UHOLDEOH
UHSUHVHQWDWLRQ0LFURVWUXFWXUHDQDO\VLVKDVEHHQSHUIRUPHGRQXOWUDWKLQVHFWLRQVRIDERXW
WRPLFURPHWHUVWKLFNQHVVVDPSOHV%)<DQG5VHHÀJDQGRUQRUPDOWKLQ
VHFWLRQVPLFURPHWHUVWKLFNQHVV$OOVHFWLRQVDUHREVHUYHGXQGHUFURVVHGSRODUL]RUV
 &U\VWDOORJUDSKLFSUHIHUUHGRULHQWDWLRQ&32UHIHUUHGWRDVWH[WXUHZDVPHDVXUHG
ZLWKDQ;UD\WH[WXUHJRQLRPHWHU,QWKHIROORZLQJ0LOOHU%UDYDLVKH[DJRQDOLQGLFHVDUH
XVHGLQRUGHUWRGHVLJQDWHWKHODWWLFHSODQHVDQGGLUHFWLRQVDVZHOODVWKHFODVVLÀFDWLRQV
IURP:\FNRII$OOSROHÀJXUHVDUHGLVSOD\HGXVLQJHTXDODUHDVWHUHRSORWVXSSHU
KHPLVSKHUH7KHSROHÀJXUHFRQWRXUVDUHJLYHQ LQPXOWLSOHVRIDXQLIRUPGLVWULEXWLRQ
ZLWKDFRQWRXULQWHUYDORI,QWHQVLWLHVEHORZDUHQRWVXEGLYLGHG
)LJXUH  6LPSOLÀHG JHRORJLFDO RYHUYLHZ RI WKH DUF RI WKH
:HVWHUQ$OSV$$UJHQWHUDPDVVLI&0&RPEH\QRWPDVVLI0%
0RQW%ODQFPDVVLI33HOYRX[PDVVLI55KRQH6LPSORQOLQH7
7RQDOHOLQHDIWHU)URLW]KHLPHWDODQG&HULDQLHWDO
%)</DX]'RUP5HRW DQG$UJ UHIHU WR WKHGLIIHUHQW VDPSOLQJ
VLWHVLQYHVWLJDWHGLQWKLVVWXG\
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&+$37(5
 ,QWKHODUJHPDMRULW\RIFDVHVXQOHVVPHQWLRQHGWKHPLFURVWUXFWXUDOFKDUDFWHULVWLFV
RIWKHVDPSOHVSUHVHQWHGLQWKHIROORZLQJDUHWKRVHRIXOWUDP\ORQLWHV7KHG\QDPLFDOO\
UHFU\VWDOOLVHGPDWUL[ LV RIWHQ YHU\ KRPRJHQHRXV DQG RFFXSLHVPRUH WKDQ  RI WKH
VXUIDFHRIWKHWKLQVHFWLRQ7KHJUDLQVH[KLELWDVKDUSH[WLQFWLRQDQGUHPDLQXQDIIHFWHGE\
PHFKDQLFDOWZLQQLQJ7KHLUDYHUDJHJUDLQVL]HLVFRPSDUDEOHWRWKDWIRXQGLQWKHVDPSOHV
RI QXPPXOLWLF OLPHVWRQH DQDO\]HG LQ FKDSWHU  QDPHO\03< FRD[LDOO\ GHIRUPHG
6DD VRFDOOHG´LQWHUPHGLDWHµ VWUDLQ UHJLPHDQG03< QRQFRD[LDOO\GHIRUPHG
LHVPDOOHUWKDWPLFURPHWHUV$VWURQJJUDLQVKDSHSUHIHUUHGRULHQWDWLRQ632LVRIWHQ
REVHUYHGLQWKLQVHFWLRQ7KLVIHDWXUHLQGLFDWHVDVXEVWDQWLDOFRQWULEXWLRQRILQWUDFU\VWDOOLQH
GHIRUPDWLRQ3UHVVXUHVROXWLRQGHIRUPDWLRQPHFKDQLVPVRXWOLQHGE\VHDPVRILQVROXEOH
PLQHUDOV DORQJ GLVVROXWLRQ VXUIDFHV KDYH DOVR EHHQ UHFRJQL]HG$OO VDPSOHV FROOHFWHG
LQ WKH VWUXFWXUDOXQLWVGHULYHG IURP WKH'DXSKLQRLV6XEULDQoRQQDLVDQG%ULDQoRQQDLV
GRPDLQVZHUHGHIRUPHGDWWHPSHUDWXUHVEHWZHHQ&&DQG&&3RWHO
SHUVFRP7KH3\UHQHDQVDPSOHVSUHVHQWHGLQWKHODVWSDUDJUDSKZHUHH[SRVHGWR37
FRQGLWLRQVRIDERXWNEDUDQG&GXULQJP\ORQLWLVDWLRQ 'H%UHVVHU7KH
VWURQJVLPLODULWLHVLQWHUPVRIPLFURVWUXFWXUDOFKDUDFWHULVWLFVDQG37FRQGLWLRQVGXULQJ
GHIRUPDWLRQDOORZIRUGLUHFWFRPSDULVRQRIWH[WXUDOFKDUDFWHULVWLFVEHWZHHQWKHVHVDPSOHV
DQGWKHRQHVSUHVHQWHGLQFKDSWHU7KHSRVLWLRQVUUVGDVGEF_F`DQGFaUHIHU
WRWKHRULHQWDWLRQRIUFU\VWDOORJUDSKLFSODQHVVGVOLSGLUHFWLRQVDQGFD[HVDVGHÀQHGIRU
VDPSOHV03<6DDDQG03<VHHFKDSWHU7KHVHQRWDWLRQVDUHVXSHUSRVHGWRWKH
WH[WXUHVREWDLQHGLQWKHIROORZLQJVHVVLRQLQRUGHUWRIDFLOLWDWHSROHÀJXUHVGHVFULSWLRQ
 7KHUHVXOWVRIWKHWH[WXUHDQDO\VLVDUHSUHVHQWHGLQWKUHHVWHSV
 7KHSROHÀJXUHVRIUHFDOFXODWHGUDQGKFU\VWDOORJUDSKLFSODQHVUHGXFHGDDQGVG
VOLSGLUHFWLRQVSOXVFD[LVDUHSUHVHQWHGÀUVW
 )RU HDFK ORFDOLW\ DW OHDVW RQHPRUH FRPSOHWH WH[WXUH DQDO\VLV LV SUHVHQWHG$
GLVWLQFWLRQ LV WKHQPDGHEHWZHHQ WKHQRQUHGXFHG DDQG²DGLUHFWLRQV7KH I
FU\VWDOORJUDSKLF SODQH DQG VG VOLS GLUHFWLRQ SROH ÀJXUHV DUH FDOFXODWHG IURP
WKH RULHQWDWLRQ GLVWULEXWLRQ IXQFWLRQ 7KHVH GHWDLOHG DQDO\VHV DOORZ IRU GLUHFW
FRPSDULVRQZLWKGDWDSUHVHQWHGLQFKDSWHU
 )LQDOO\WKHDERYHDQDO\VLVLVFRPSOHWHGE\FDOFXODWLRQVRIWKHIROORZLQJLQYHUVH
SROHÀJXUHVIRUWKHFRUUHVSRQGLQJVDPSOHIROLDWLRQQRUPDO)R1LH=VDPSOH
GLUHFWLRQ VWUHWFKLQJ OLQHDWLRQ 6W/LQ LH; VDPSOH GLUHFWLRQ LQWHUPHGLDWH
GLUHFWLRQ,QW'LULH<VDPSOHGLUHFWLRQGLUHFWLRQVDWFRXQWHUFORFNZLVH
&&:DQGFORFNZLVH&:IURPWKHIROLDWLRQQRUPDOF_GLUHFWLRQ
VHHFKDSWHUDQGQRUPDOWRF_ZLWKLQWKH;=SODQHF_1F`GLUHFWLRQVHH
&+$37(5

FKDSWHUDQGQRUPDOWRF`ZLWKLQWKH;=SODQHF`1
0LFURIDEULFDQDO\VLVRIVDPSOHVFROOHFWHGDORQJWKH5RVHOHQGWKUXVW
7KH6XEULDQoRQQDLVIURQWDWWKHHDVWHUQULPRIWKH3HOYRX[PDVVLIVDPSOLQJORFDOLW\
%)<LQGLFDWHGLQÀJDQG
 6HYHUDOHYLGHQFHVLQIDYRURIWKHK\SRWKHVLVRI&HULDQLHWDOZKLFKSURSRVHV
WKDWWKH57MRLQVWKH6XEULDQoRQQDLVIURQW6%)VRXWKRIWKH´5RFKHUGHO·<UHWµSHDN
FIÀJDQGKDYHEHHQJLYHQLQFKDSWHU7KHRYHUDOO:1:WUDQVSRUWGLUHFWLRQ
UHFRUGHGDORQJWKH6%)LVFRQÀUPHGE\PLFURVWUXFWXUDODQDO\VLVRIFDOFLWHXOWUDP\ORQLWHV
IRXQGLQWKHIRRWZDOORIWKLVVWUXFWXUH6DPSOHVIURPORFDOLW\%)<KDYHEHHQWDNHQIURP
DFDOFLWLFPDUEOHEORFNHPEHGGHGLQWKH´VFKLVWHVjEORFVµIRUPDWLRQ.HUFNKRYH
IRXQGLQWKHXSSHUSDUWRIWKH´5DYLQGHODSODLQHGH6W-HDQµFDQ\RQVHHÀJ
#RÐTE DE Lg9RET 
2AVIN DE LA -
ONTAGNOLLE 
#RÐTE DES .EYZETS 
3"&
2OCHER DE Lg9RET
#OL DE LA
-ONTAGNOLLE #OL DE Lg%YCHAUDA
6ALLON DE #HAM
BRAN 
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AN 
3AMPLE SERIES
"&9
 





















 G
R
 GR
$AUPHINOIS DOMAIN
0ENNINIC DOMAIN
3UBRIAN¥ONNAIS"RIAN¥ONNAIS
UNDIFFERENTIATED
*URASSIC COVER
.UMMULITIC SUCCESSION
0RIABONIAN	
4RIASSIC COVER
0ELVOUX CRISTALLINE
BASEMENT
#OMBEYNOT  0EYRON DES #LAUX
BASEMENT UNIT
0OLES TO FOLIATION
3TEREOPLOTS
3TRETCHING LINEATIONS
7.7 DIRECTED THRUSTS 24	
0YRENEAN THRUST
1
 M
3"& 3UBRIAN¥ONNAIS FRONT
)LJXUH  'HWDLOHG
JHRORJLFDO PDS RI WKH
´5RFKHU GH O·<UHWµ VKHDU
]RQH DFFRUGLQJ WR QHZ
ÀHOG PDSSLQJ /RFDOLVDWLRQ
RI VDPSOHV IURP WKH %)<
VHULHV VDPSOHV LVVKRZQ

&+$37(5
)LJXUH6WUXFWXUDOPDSRIWKHHDVWHUQULPRIWKH3HOYRX[PDVVLI3RLQWV%)</DX]5HRWDQG'RUP
UHIHUWRVDPSOHVVHULHVSUHVHQWHGLQWKHWH[W7KHVHZHUHFROOHFWHGDWWKHHDVWHUQULPRIWKH3HOYRX[PDVVLI
WKH6XEULDQoRQQDLVXQLWVDWWKHHQWUDQFHRIWKH)RXUQHOYDOOH\WKHIURQWDO%ULDQoRQQDLVXQLWVDWWKHYLOODJH
RI5pRWLHUDQGWKHEDVDOGHFROOHPHQWOHYHORIWKH(RFHQHFRYHULQWKH'RUPLOORXVHYDOOH\UHVSHFWLYHO\6HH
WH[WIRUGHWDLOVRIVDPSOHGJHRORJLFDOIRUPDWLRQV
6WHUHRSORWVLQGLFDWHWKHDYHUDJHIROLDWLRQDQGVWUHWFKLQJOLQHDWLRQVRIWKHGLIIHUHQWIRUPDWLRQVVDPSOHGDW
%)</DX]DQG5HRWORFDOLWLHV
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 ,QKDQGVSHFLPHQVWKHFRUUHVSRQGLQJURFNVDUHDIIHFWHGE\DSHQHWUDWLYHIROLDWLRQ
7KH\ VKRZ QXPHURXV HYLGHQFH RI LVRFOLQDO IROGLQJ DIIHFWLQJ IRUPHU FDOFLWLF YHLQV$
VWURQJ:1:RULHQWHGVWUHWFKLQJOLQHDWLRQLVREVHUYDEOHRQVXUIDFHVRIWKHPDFURVFRSLF
IROLDWLRQSODQHLQGLFDWLQJWKDWWKHP\ORQLWLVDWLRQSURFHVVXQGRXEWO\GHYHORSHGGXULQJWKH
DFWLYLW\DORQJWKH57
 $ SURQRXQFHG 632 6E DW DERXW  IURP WKH PDFURVFRSLF IROLDWLRQ 6D LV
REVHUYDEOHLQWKLQVHFWLRQDQGLQGLFDWHVDQRYHUDOOVLQLVWUDOVHQVHRIVKHDULHFRPSDWLEOH
ZLWKWKUXVWLQJDORQJWKH57FIÀJD7ZLQVZHUHRQO\IRXQGLQWKHUHOLFWVRILQLWLDO
SRUSK\URFODVWVVHHÀJE
 )RXU VDPSOHVKDYHEHHQFROOHFWHG IRU WH[WXUHDQDO\VLVDW WKH ORFDOLW\%)<DQG
DOOPHDVXUHPHQWVLQGLFDWHDFOHDUPRQRFOLQLFV\PPHWU\VHHÀJDQG7KHUSROH
ÀJXUHVKRZVDPD[LPXPFORVHWRWKHIROLDWLRQQRUPDOEXWVOLJKWO\LQFOLQHGLQDFORFNZLVH
VHQVHE\DIHZGHJUHHVDQGDVHFRQGPD[LPXPDWSRVLWLRQUKIDQGDSROHÀJXUHVVKRZ
JLUGOHGLVWULEXWLRQVLQFOLQHGDWGLIIHUHQWDQJOHVIURPWKH;<SODQHLQDFORFNZLVHVHQVH
7KHQRQUHGXFHGDDQG²DGLUHFWLRQVVKRZGLIIHUHQWGLVWULEXWLRQV WKH²DSROHÀJXUH
VKRZVWZRPD[LPDV\PPHWULFDOO\GLVSRVHGDWIURP<ZKLOHRQHPD[LPXPDW<LV
REVHUYHG LQ WKHDSROHÀJXUH7KLV ODVWIHDWXUHFRQÀUPV WKHPRQRFOLQLFV\PPHWU\RI
WKHWH[WXUH%HVWPDQQHWDO7KHVGSROHÀJXUHVKRZVDSUHGRPLQDQWPD[LPXP
FRUUHVSRQGLQJWRWKHVGDSRVLWLRQVHHFKDSWHU7KHVGVOLSGLUHFWLRQSROHÀJXUHLV
WLOWHGLQWKHVHQVHRIVKHDUE\DQDQJOHRIDERXWDQGWKHFD[LVRULHQWDWLRQFRLQFLGHV
ZLWKWKHF_SRVLWLRQ
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 3KRWRPLFURJUDSKV RI VDPSOHV IURP WKH %)< VHULHV WDNHQ IURP XOWUDWKLQ VHFWLRQV 
PLFURPHWHUV WKLFNQHVVXQGHU FURVVHG SRODUL]RUV WUDQVPLWWHG OLJKW$OO VHFWLRQV DUHRULHQWHGQRUPDO WR
IROLDWLRQ6DDQGSDUDOOHOWROLQHDWLRQKRUL]RQWDO
DQRWHWKHVWURQJ6326ELQGLFDWLQJDVLQLVWUDOVHQVHRIVKHDU
EUHOLFWVRIFDOFLWHSRUSK\URFODVWVDIIHFWHGE\QXPHURXVPHFKDQLFDOWZLQV'WGHIRUPDWLRQWZLQV
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 7KHLQYHUVHSROHÀJXUHIRUWKHF_SRVLWLRQVKRZVDVWURQJPD[LPXPDWFLQWHQVLW\
RI DERXW PUGZKLOH WKH SRVLWLRQ IRU F_1 VKRZV D JLUGOH GLVWULEXWLRQZLWK DZHDN
PD[LPXPDWPÀJ,QFKDSWHUWKHVHIHDWXUHVKDYHEHHQLQWHUSUHWHGDVDQLQGLFDWLRQ
IRUGRPLQDQWVOLSRQWKHEDVDOSODQHLQWZRFRQMXJDWHDGLUHFWLRQV
 *LYHQ WKH VLPLODULWLHV LQ WKHPLFURIDEULF RI VDPSOH03< IURP WKH 5<6=
FKDSWHUDQGWKHVDPSOHVFROOHFWHGDWORFDOLW\%)<LWLVSURSRVHGWKDWWKHVDPSOHVIURP
ORFDOLW\%)<KDYHEHHQGHIRUPHG LQDGRPLQDQWQRQFRD[LDOVWUDLQUHJLPH7KH WLOWLQJ
RI WKHFD[LV LQ WKHVHQVHRIVKHDU LQGHSHQGHQWO\FRQÀUPV WKH:1:GLUHFWHGVHQVHRI
WKUXVWLQJUHODWHGWRDFWLYLW\DORQJWKH57
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7KH6XEULDQoRQQDLVIURQWDWWKHHQWUDQFHRIWKH)RXUQHOYDOOH\VDPSOLQJORFDOLW\
/DX]
 7KHLQYHVWLJDWHGURFNVZHUHWDNHQIURPWKH'RJJHUOLPHVWRQHIRXQGDVDQLVRODWHG
VOLFHHPEHGGHGZLWKLQWKH6XEULDQoRQQDLVEODFNÁ\VFKVHULHVDWWKHVRXWKHUQHQWUDQFHRI
WKH)RXUQHOYDOOH\FIORFDOLW\/DX]LQÀJVDQG7KLVVOLFHLVIRXQGLQDVWHHSO\(
GLSSLQJRULHQWDWLRQDQGGHYHORSVDSHQHWUDWLYHIROLDWLRQFDUU\LQJDVWURQJ:1:RULHQWHG
VWUHWFKLQJOLQHDWLRQ
 7KHUHVXOWVRIDPLFURIDEULFDQDO\VLVRIÀYHVDPSOHV7/WR7/EVHULHV/DX]
FROOHFWHGDW WKHQRUWKHUQ WHUPLQDWLRQRI WKLVVOLFHDQGDORQJ WKHSDWK OHDGLQJ WR WKH
´9DOORQGH&URX]HWµYDOOH\DUHSUHVHQWHGÀUVW7KHQ WKUHHVDPSOHV 7/D7/DODQG
7/EVHULHV/DX]WDNHQIURPWKHVRXWKHUQSDUWRIWKLVVOLFHDWWKH´3RLQWHGHVFDVVHV
GHOD)RQWGHODQFHµORFDOLW\ZLOOEHSUHVHQWHG
6DPSOHVIURPORFDOLW\/DX]
 )URPDPLFURVWUXFWXUDOSRLQWRIYLHZLQFLSLHQW6&VWUXFWXUHVDUHORFDOO\GHYHORSHG
ZLWKWKH&SODQHVRULHQWHGSDUDOOHOWRWKHPDFURVFRSLFIROLDWLRQ6D$SURQRXQFHG6326E
DWDERXWIURP6DLVQRWLFHGDQGFRQVLVWHQWZLWKVLQLVWUDOVKHDULQJRIWKHURFNFIÀJ
DEGIDQGK7KLVODVWIHDWXUHLVFRPSDWLEOHZLWK:1:GLUHFWHGPRYHPHQWVDORQJ
WKH57DQGLVFRQÀUPHGE\DV\PPHWULFFDOFLWHSUHVVXUHVKDGRZVGHYHORSHGDWWKHULPRI
GHWULWLFDOTXDUW]JUDLQVFIÀJFHDQGJ
 7KHFRUUHVSRQGLQJWH[WXUHVDUHVLPLODUWRWKRVHRIWKHVDPSOHVIURPORFDOLW\%)<
SUHYLRXVSDUDJUDSKDQGSUHVHQWDPRQRFOLQLFV\PPHWU\FIÀJDQG+RZHYHU
VRPHGLIIHUHQFHVDUHQRWLFHGZKHQFRPSDULQJWKHWZRVHULHV)LUVWRIDOOWKHWLOWLQJRIWKH
FD[LVDQGVGVOLSGLUHFWLRQLQWKHVHQVHRIVKHDULVOHVVSURQRXQFHGFRPSDUHGWRWKH%)<
VDPSOHVVHULHVDQGVDPSOHV7/WR7/EVKRZDVWURQJFD[LVGHQVLW\QHDUWKHQRUPDO
WR WKH IROLDWLRQ7KHD I ÀJ DQGKSROHÀJXUHDJDLQ VKRZDJLUGOHGLVWULEXWLRQ
WLOWHGDWVPDOODQJOHV IURP WKH;<SODQH LQDFRXQWHUFORFNZLVHVHQVH&DOFXODWLRQVRI
WKHQRQUHGXFHGSROHÀJXUHVIRUWKHDDQG²DGLUHFWLRQVGRQRWVKRZDFOHDUO\GLIIHUHQW
GLVWULEXWLRQDVREVHUYHG LQ WKH%)<VDPSOHV,QVWHDGDJLUGOHGLVWULEXWLRQ LVREVHUYHG
IRU DDQG²D ÀJ $QRWKHUGLIIHUHQFH WR WKH%)< VDPSOH VHULHVFRQFHUQV WKH U
DQGVGÀJSROHÀJXUHV,QWKHUSROHÀJXUHWKHPD[LPXPFORVHWR=LVFOHDUO\
UHSUHVHQWHGEXW WKHVHFRQGPD[LPXP U LVQRWZHOOGHÀQHG ,W LVPRUHDSSURSULDWH WR
GHVFULEHDVKRXOGHUH[WHQGLQJIURPWKHPD[LPXPFORVHWR=LQWKHGLUHFWLRQRIULQVWHDG
RISRVWXODWLQJWZRLQGLYLGXDOPD[LPD7KHGHJUHHRIV\PPHWU\RIWKHVGSROHÀJXUHÀJ
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LVFORVHWRRUWKRUKRPELFVLQFHPD[LPDRIVLPLODULQWHQVLWLHVDWDERXWGHJUHHV
IURP=DUHREVHUYHG2QO\DVOLJKWSUHGRPLQDQFHRIWKHSRVLWLRQDWVGDRYHUWKHSRVLWLRQ
DWVGELVQRWLFHG7RVRPHH[WHQWVXFKDOHYHORIV\PPHWU\LVUHDFKHGE\WKHISROHÀJXUH
DVZHOOÀJ
 7KHLQYHUVHSROHÀJXUHVFDOFXODWHGIRUVDPSOHV7/QHDQG7/EDUHSUHVHQWHGLQ
ÀJXUH7KHQRQVLPLODULW\EHWZHHQWKHLQYHUVHSROHÀJXUHVDWFRXQWHUFORFNZLVH
DQGFORFNZLVHIURP=LQWKH;=SODQHFRQÀUPVWKHQRQRUWKRUKRPELFV\PPHWU\RI
WKHWH[WXUH7KHLQYHUVHSROHÀJXUHVIRUWKHIROLDWLRQQRUPDODQGWKHF_GLUHFWLRQSUHVHQW
VLPLODULQWHQVLWLHV
 7KHPLFURIDEULFFKDUDFWHULVWLFVRIWKH/DX]VDPSOHVHULHVDUHYHU\FORVHWRWKRVH
RIVDPSOH6DDIURPWKH5<6=FKDSWHU7KHFD[LVGLVWULEXWLRQLVLQWHUSUHWHGDVD
FRPELQDWLRQEHWZHHQWZRRULHQWDWLRQVQDPHO\F_DQGFa,WLVWKHUHIRUHOLNHO\WKDWWKHVH
)LJXUH'HWDLOHGJHRORJLFDOPDSIURPWKHVRXWKHUQHQWUDQFHRIWKH)RXUQHOYDOOH\
6DPSOHVVLWHV/DX]VDPSOHVDQG/DX]VDPSOHVDUHVKRZQ
1RWHWKHFRQVWDQW(1(:1:WUDQVSRUWGLUHFWLRQDORQJWKH57
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)LJXUHFRQWLQXHG
E 'HWDLOHG UHSUHVHQWDWLRQ RI WKH IURQWDO XQLWV RI WKH 5RFKH &KDUQLqUH QDSSH 1RWH WKDW WKH RYHUDOO
VWUDWLJUDSKLFVHTXHQFH LV LQYHUWHG/RFDOLVDWLRQRIVDPSOHVVHULHV5HRW VDPSOHV LVVKRZQ:1:
RULHQWHGVWUHWFKLQJOLQHDWLRQVPHDVXUHGRQWKHPDFURVFRSLFIROLDWLRQSODQHLQGLFDWHWKDWWKHP\ORQLWLVDWLRQ
SURFHVVLVUHODWHGWRDFWLYLW\DORQJWKH57
FSHQHWUDWLYHIROLDWLRQGHYHORSHGZLWKLQWKHPLGGOH7ULDVVLFPDUEOHVVHULHV
GPHWULFVFDOHERXGLQW\SHGHIRUPDWLRQIHDWXUHVLQGLFDWLQJD:1:(6(GLUHFWLRQRIVWUHWFKLQJ
6DPSOHVIURPSURÀOH5HRW
 ,QWKLQVHFWLRQWKHURFNVIURPORFDOLW\5HRWDSSHDULQWHQVLYHO\UHFU\VWDOOLVHG
7KHJUDLQV VKRZDYHU\ VOLJKW VKDSHSUHIHUUHGRULHQWDWLRQSDUDOOHO WR WKHPDFURVFRSLF
IROLDWLRQFIÀJ
 $IHZGRORPLWLFFODVWVDUHSUHVHUYHGIURPG\QDPLFUHFU\VWDOOL]DWLRQ7KHQDWXUH
RIWKHVHFODVWVKDVEHHQDQDO\]HGE\FDWKRGROXPLQHVFHQFHZKHUHE\GRORPLWHDSSHDUVLQ
OLJKWRUDQJHFRORUFIÀJ7KHVHFODVWVDUHRIWHQIUDJPHQWHGDQGVKRZHYLGHQFHRI
WZLQQLQJGHIRUPDWLRQ7KHURFNDGGLWLRQDOO\FRQWDLQVDQDSSUHFLDEOHDPRXQWRIGHWULWDO
TXDUW]JUDLQV
 )URP WKH WH[WXUDOSRLQWRIYLHZ WKH VDPSOHV IURP WKH5HRW  ORFDOLW\XVXDOO\
SUHVHQWZHDNSROHÀJXUHPD[LPDFIÀJDEDDQGE$FU\VWDOORJUDSKLF
SUHIHUUHGRULHQWDWLRQ LVQRQHWKHOHVV UHFRUGHGDQGSUHVHQWVDQRUWKRUKRPELF V\PPHWU\
PRVWUHDGLO\REVHUYHGLQVDPSOH5DQG5EVHHÀJE$EURDGPD[LPXPIRU
WKHFD[LVDQGVGVOLSGLUHFWLRQLVPHDVXUHGLQFORVHYLFLQLW\ZLWKWKHIROLDWLRQQRUPDO
DDQGKSROHÀJXUHVVKRZDJLUGOHGLVWULEXWLRQZLWKLQ WKH;<SODQHZLWK WZRPD[LPD
V\PPHWULFDOO\RULHQWHGDWIRU<LQWKHFDVHRIWKHDGLUHFWLRQV2QHGRPLQDQWPD[LPXP
LVUHFRUGHGDW=IRUWKHUSROHÀJXUH
3B
7.7 %3%
)LJXUH3KRWRPLFURJUDSKVRIVDPSOH5XOWUD
WKLQ VHFWLRQV RI  PLFURPHWHUV WKLFNQHVV REVHUYHG
XQGHUFURVVHGSRODUL]HUV
1RWHWKHVOLJKWKRUL]RQWDOÁDWWHQLQJRIWKHJUDLQV6E
7KHPDFURVFRSLFIROLDWLRQ6DLVKRUL]RQWDO
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DFDQGHSKRWRPLFURJUDSKVRIVDPSOH*7 WDNHQ IURPDQXOWUDWKLQVHFWLRQREVHUYHG
XQGHUFURVVHGSRODUL]RUV
EGDQGIFDWKRGROXPLQHVFHQFHDQDO\VLVRIWKHFRUUHVSRQGLQJSKRWRPLFURJUDSKV
'O GRORPLWLF OHYHOV 'F GRORPLWH FU\VWDOV 'W GHIRUPDWLRQ WZLQV 7KH PDFURVFRSLF IROLDWLRQ 6D LV
KRUL]RQWDO
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6DPSOHVIURPSURÀOH5HRW
 3KRWRPLFURJUDSKV IURP VDPSOHV 5 DQG 5 WDNHQ DW GLIIHUHQW OHYHOV RI
PDJQLÀFDWLRQDUHSUHVHQWHGLQÀJ)LJXUHVDEDQGGSUHVHQWPLFURERXGLQDJH
GHIRUPDWLRQIHDWXUHVRIDIRUPHUYHLQRIGRORPLWLFFRPSRVLWLRQ7KHERXGLQDJHGSLHFHV
SUHVHQW DQJXODU VKDSHV DQG DUH RIWHQ LQWHUQDOO\ IUDJPHQWHG VHHÀJ E1RWH WKDW
WKHG\QDPLFDOO\ UHFU\VWDOOL]HGFDOFLWLFPDWUL[ÁRZVDURXQG WKHVHERXGLQDJHGXQLWVDV
DFRQVHTXHQFHRIFRPSHWHQFHFRQWUDVW&DOFLWHSUHVVXUHIULQJHVGHYHORSHGDWWKHULPRI
GHWULWDOTXDUW]JUDLQVGRQRWVKRZDQ\HYLGHQFHRIDV\PPHWU\VHHÀJF$VWURQJ
JUDLQVKDSHSUHIHUUHGRULHQWDWLRQSDUDOOHOWRWKHPDFURVFRSLFIROLDWLRQSODQHLVREVHUYHG
FIÀJH
 )URP WKH WH[WXUDO SRLQW RI YLHZ WKH FD[LV SROH ÀJXUHV RI VDPSOHV IURP WKLV
VHULHVVKRZDEURDGPD[LPXPDWWKHSHULSKHU\RIWKHSROHÀJXUHDQGDURXQGWKHIROLDWLRQ
QRUPDOFIÀJDQG7KLVEURDGPD[LPXPRIWHQVKRZVDWHQGHQF\WRVSOLWLQWR
WZRVXEPD[LPDFRUUHVSRQGLQJWRWKHF_DQGF`SRVLWLRQVGHÀQHGLQFKDSWHU7KHDD[LV
SROHÀJXUHVKRZVDJLUGOHGLVWULEXWLRQZLWKLQWKH;<SODQHZLWKWZRZHDNPD[LPDDW
IURP<1RGLIIHUHQFHVKDYHEHHQQRWLFHGEHWZHHQWKHQRQUHGXFHGDDQG²DSROHÀJXUHV
FIÀJ7KHIFU\VWDOORJUDSKLFSODQHVDUHGLVWULEXWHGRQWZRVPDOOFLUFOHVFHQWHUHGDW
;ZLWKDQRSHQLQJDQJOHRIDERXWVHHÀJ)LQDOO\WKHUSROHÀJXUHVKRZVDJDLQ
DPD[LPXPFORVHWRWKH=GLUHFWLRQDQGDEURDGZHDNHUPD[LPXPDW;FRUUHVSRQGLQJWR
SRVLWLRQVUDQGU
 ,W LVFRQFOXGHG WKDW WKHVH WH[WXUHVSUHVHQWDQRUWKRUKRPELF OHYHORI V\PPHWU\
7KLVLVFRQÀUPHGE\FDOFXODWLRQVRILQYHUVHSROHÀJXUHVIRUVDPSOHV5DQG5VKRZLQJ
VLPLODUGLVWULEXWLRQVDWFORFNZLVHDQGFRXQWHUFORFNZLVHIURPWKHIROLDWLRQQRUPDO
F_DQGF`GLUHFWLRQVF_1DQGF`1UHVSHFWLYHO\VHHÀJ
 )URPWKHDERYHDQDO\VLVLWDSSHDUVWKDWERWKVDPSOHVVHULHVWDNHQIURPWKH7ULDVVLF
DQG'RJJHUPDUEOHV IURP WKH5RFKH &KDUQLqUH DQG &KDPSFHOODQDSSHV UHVSHFWLYHO\
SUHVHQWPLFURIDEULFFKDUDFWHULVWLFVVLPLODUWRWKHRQHVRIVDPSOH03<IURPWKH5<6=
DQGLQGLFDWLQJDFRD[LDOGHIRUPDWLRQUHJLPHVHHFKDSWHU7KHPDLQGLIIHUHQFHLVIRXQG
LQWKHDYHUDJHYDOXHVRISROHÀJXUHVDQGLQYHUVHSROHÀJXUHVPD[LPDZKLFKDUHVOLJKWO\
ORZHUDWWKH5pRWLHUORFDOLW\
 ,W LV WKHUHIRUHSURSRVHG WKDW WKHZKROH%ULDQoRQQDLVH[WHUQDOXQLWVIRXQGDORQJ
WKH57DWWKH5pRWLHUORFDOLW\KDYHEHHQGHIRUPHGXQGHUFRQGLWLRQVRIGRPLQDQWFRD[LDO
VWUDLQ7KHLQIHUUHG:1:(6(RULHQWHGVWUHWFKLQJGLUHFWLRQLVFRPSDWLEOHZLWKDFWLYLW\
DORQJWKH57
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)LJXUH3KRWRPLFURJUDSKVRIVDPSOH5DEDQGFDQG5GDQGHREVHUYHGLQ;=VHFWLRQVQRUPDO
WKLQVHFWLRQPLFURPHWHUVWKLFNQHVVREVHUYHGXQGHUFURVVHGSRODUL]RUV
DERXGLQDJHRIDIRUPHUGRORPLWLFYHLQ1RWHWKHÁRZLQJRIWKHG\QDPLFDOO\UHFU\VWDOOL]HGFDOFLWLFPDWUL[
DURXQGWKHDQJXODUVKDSHGFODVWV
EGHWDLOVRIDIUDJPHQWHGGRORPLWLFFODVW
FV\PPHWULFFDOFLWHSUHVVXUHIULQJHVGHYHORSHGDWWKHULPRIDGHWULWLFDOTXDUW]JUDLQ
GV\PPHWULFDOO\ERXGLQDJHGFDOFLWHFODVW
H6326EGHYHORSHGZLWKLQWKHKRPRJHQHRXVG\QDPLFDOO\UHFU\VWDOOL]HGPDWUL[
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
7KH57DWWKHUHDURIWKH$UJHQWHUDPDVVLIORFDOLW\´9DOORQHGHO$UPDµ
 7KLVVHULHVRIVDPSOHVKDVEHHQWDNHQIURPWKHUHDURIWKH$UJHQWHUDPDVVLIDVLV
VKRZQLQWKHPDSSUHVHQWHGLQÀJXUH1XPHURXVP\ORQLWLFEDQGVDUHLQGHHGIRXQG
ZLWKLQWKHIURQWDOXQLWVRI%ULDQoRQQDLVRULJLQQRWDEO\LQWKH´9DOORQHGHO$UPDµYDOOH\
6DPSOHV *WVF *WVF DQG *7QH KDYH EHHQ WDNHQ IURP -XUDVVLFPDUEOHV
LQWHQVLYHO\GHIRUPHG6DPSOH*WVFRI6XEULDQoRQQDLVRULJLQFRPHVIURPDÀQH
JUDLQHGFDOFLWLFP\ORQLWLFEDQGDIIHFWLQJ0DOP'RJJHUPDUEOHVSLQFKHGLQEHWZHHQWZR
WKLFNGRORPLWLFOD\HUV
 7KHGHIRUPDWLRQRIWKHVHFDOFLWLFPDUEOHVLVUHODWHGWRDFWLYLW\DORQJWKH57VHH
FKDSWHULQGXFLQJVLQLVWUDOVWULNHVOLSGHIRUPDWLRQDWWKHUHDURIWKLVH[WHUQDOFU\VWDOOLQH
PDVVLI
 $WRXWFURSVFDOHWKHURFNVSUHVHQWDW\SLFDOP\ORQLWLFIROLDWLRQRXWOLQHGE\ZKLWH
PLOOLPHWULFOD\HUVSRVVLEOHUHPQDQWVRILQLWLDOFDOFLWLFYHLQV
6DPSOH*7QH-XUDVVLFPDUEOHRI%ULDQoRQQDLVRULJLQ
 7KH IROORZLQJ GLVFXVVLRQ IRFXVHV RQ VDPSOH*7QH VLQFH RQO\ WKLV VDPSOH
SUHVHQWVDFOHDUFU\VWDOORJUDSKLFSUHIHUUHGRULHQWDWLRQFRPSDUHÀJZLWKÀJ
 ,Q WKLQ VHFWLRQ WKHG\QDPLFDOO\ UHFU\VWDOOL]HGPDWUL[SUHVHQWVDQREOLTXH632
FRQVLVWHQWZLWKWRS:1:VKHDULQJRIWKHURFNVFIÀJ$VLJQLÀFDQWSURSRUWLRQRI
VHFRQGSKDVHSDUWLFOHVKHPDWLWHS\ULWHDQGPLFDVLVREVHUYHG
7.7 %3%
3B
)LJXUH  ;= VHFWLRQ RI VDPSOH *7QH 
PLFURPHWHUVWKLFNQHVVVHFWLRQREVHUYHGXQGHUFURVVHG
SRODUL]RUV
1RWH WKH REOLTXH *632 6E RI WKH G\QDPLFDOO\
UHFU\VWDOOL]HGPDWUL[ LQGLFDWLYH RI VLQLVWUDO VHQVH RI
VKHDUDQGFRPSDWLEOHZLWKDFWLYLW\DORQJWKH57
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 )URP WKH WH[WXUDOSRLQWRIYLHZ VDPSOH*7QHSUHVHQWVDFOHDUPRQRFOLQLF
V\PPHWU\LQUHVSHFWWRWKH;<=VDPSOHFRRUGLQDWHV\VWHPFIÀJ%RWKFD[LVDQG
VGVOLSGLUHFWLRQDUHWLOWHGLQWKHVHQVHRIVKHDUE\DQDQJOHRIDERXW7KLVWLOWLQJLV
DFFRUGLQJO\IRXQGLQWKHDDQG²DJLUGOHGLVWULEXWLRQVURWDWHGIURPWKH;<SODQHLQD
FRXQWHUFORFNZLVHVHQVH7KHÀQDOFD[LVRULHQWDWLRQPHDVXUHGLQWKLVVDPSOHLVLQWHUSUHWHG
DVWKHF_SRVLWLRQGHWHUPLQHGLQFKDSWHU7KHUSROHÀJXUHVKRZVDPD[LPXPFORVHWR
WKH=GLUHFWLRQZLWKDVKRXOGHUH[WHQGLQJWRZDUGVSRVLWLRQU7KHVGSROHÀJXUHVKRZV
DGRPLQDQWSUHIHUUHGRULHQWDWLRQDWVGD
 7KHQRQRUWKRUKRPELFOHYHORIV\PPHWU\RIVDPSOH*7QHLVUHÁHFWHGE\WKH
QRQVLPLODULW\ LQ LQYHUVHSROHÀJXUHVEHWZHHQ WKHGLUHFWLRQV DW &: DQG &&:
IURP=WKHSRVLWLRQDWF_DQGF`F_1DQGF`1UHVSHFWLYHO\FIÀJ7KHVWURQJHVW
PD[LPXPLVUHFRUGHGLQWKHF_LQYHUVHSROHÀJXUHPUGZKLOHWKHF_1GLUHFWLRQ
VKRZVDQHDUO\UDQGRPJLUGOHGLVWULEXWLRQ$FFRUGLQJWRWKHFRQFOXVLRQVGUDZQLQFKDSWHU
LWLVSURSRVHGWKDWWKHWH[WXUHPHDVXUHGRQVDPSOH*7QHLVWKHUHVXOWRIGRPLQDQW
VOLSRQWKHEDVDOSODQHLQWZRFRQMXJDWHDGLUHFWLRQV
 ,QVXPPDU\PRVWRIWKHPLFURIDEULFFKDUDFWHULVWLFVUHSRUWHGLQVDPSOH*7QH
DUHGLUHFWO\FRPSDUDEOHWRWKRVHGHVFULEHGIRUVDPSOH03<DWWKH´5RFKHUGHO·<UHWµ
ORFDOLW\,WLVWKHUHIRUHFRQFOXGHGWKDWVDPSOH*7QHKDVEHHQGHIRUPHGXQGHUDQRQ
FRD[LDOGRPLQDWHGGHIRUPDWLRQSDWKZLWKLQDEURDGVLQLVWUDOVKHDU]RQHIRXQGDWWKHUHDU
RI WKH$UJHQWHUDPDVVLI7KH LQIHUUHGVHQVHRIVKHDU LVDJDLQFRPSDWLEOHZLWKDFWLYLW\
DORQJWKH57LH:1:GLUHFWHGPRYHPHQWV
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6DPSOH*WVF0DOP'RJJHUPDUEOHVRI6XEULDQoRQQDLVRULJLQ
 ,Q WKLV VHFWLRQ WKLV VDPSOH FRQVLVWV RI FDOFLWLF PDUEOH WKDW LV DJDLQ QHDUO\
FRPSOHWHO\UHFU\VWDOOLVHG)URPWKHPLFURVWUXFWXUDOSRLQWRIYLHZFDOFLWHSUHVVXUHIULQJHV
IRXQGDWWKHULPRIRSDTXHFU\VWDOVSUREDEO\KHPDWLWHGRQRWVKRZDQ\DV\PPHWU\FI
ÀJD7KH632RIWKHG\QDPLFDOO\UHFU\VWDOOL]HGPDWUL[LVSDUDOOHOWRWKHPDFURVFRSLF
IROLDWLRQVHHÀJE
 7KH WH[WXUH DQDO\VLV SUHVHQWHG LQ ÀJXUH  VKRZV D FOHDU RUWKRUKRPELF
V\PPHWU\7KH FD[LV DQG WKH VG VOLS GLUHFWLRQ VKRZ D EURDGPD[LPXP QRUPDO WR
IROLDWLRQ,QGHWDLOWKHFD[LVSROHÀJXUHVKRZVDYHU\VOLJKWWHQGHQF\WREHGLYLGHGLQ
WZRVXEPD[LPXPVFORVHWRSRVLWLRQVF_DQGF`GHÀQHGLQFKDSWHU7KHQRQUHGXFHG
DSROHÀJXUHVVKRZDVLPLODUJLUGOHGLVWULEXWLRQVOLJKWO\URWDWHGLQDFORFNZLVHVHQVHLQ
WKHFDVHRIWKHDGLUHFWLRQDQGFRXQWHUFORFNZLVHVHQVHIRUWKH²DGLUHFWLRQ7KHVGVOLS
GLUHFWLRQSROHÀJXUHVKRZVWZRHTXLYDOHQWPD[LPDDWSRVLWLRQVVGDDQGVGE
 7KHRUWKRUKRPELFV\PPHWU\RIWKHWH[WXUHLVFRQÀUPHGE\FDOFXODWLRQVRILQYHUVH
SROHÀJXUHVVKRZLQJVLPLODUGLVWULEXWLRQVEHWZHHQWKHGLUHFWLRQVDW&:DQG&&:
F_DQGF`F_1DQGF`1UHVSHFWLYHO\FIÀJ%RWKGLUHFWLRQVDWIURP=VKRZD
ULGJHGLVWULEXWLRQUXQQLQJIURPWKHFD[LVWRWKHIFU\VWDOORJUDSKLFSODQHZLWKDVKRXOGHU
H[WHQGLQJ WR WKHVGVOLSGLUHFWLRQDQGUFU\VWDOORJUDSKLFSODQH,W LVSURSRVHG WKDW WKH
WH[WXUHRIVDPSOH*WVFUHVXOWVIURPGRPLQDQWDFWLYLW\RQUDQGISODQHVDQGWKDWWKH
URFNKDVH[SHULHQFHGDGRPLQDQWFRPSRQHQWRIFRD[LDOVWUDLQVHHFKDSWHU
A B
3B
)LJXUH3KRWRPLFURJUDSKVRIVDPSOH*WVFPLFURPHWHUVWKLFNQHVVWKLQVHFWLRQREVHUYHGXQGHU
FURVVHGSRODUL]HGOLJKW7KHPDFURVFRSLFIROLDWLRQ6DLVKRUL]RQWDO
DV\PPHWULFFDOFLWHSUHVVXUHIULQJHVGHYHORSHGDWWKHULPRIKHPDWLWHFU\VWDOV
EKRUL]RQWDO6326EREVHUYHGLQWKHG\QDPLFDOO\UHFU\VWDOOL]HGPDWUL[
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6XPPDU\
 7KH PLFURIDEULF FKDUDFWHULVWLFV RI VDPSOHV DQDO\VHG LQ FKDSWHU  KDYH EHHQ
UHFRJQL]HG LQ P\ORQLWLF OD\HUV GHYHORSHG GXULQJ DFWLYLW\ RI WKH 57 7KH PRGHO RI
PLFURIDEULF HYROXWLRQ SUHVHQWHG LQ FKDSWHU  DOORZHG IRU UHFRJQLWLRQ RI VWUDLQ W\SH
YDULDWLRQVZLWKLQ WKLV VWUXFWXUH$Q LQFUHDVLQJ DPRXQW RI QRQFRD[LDO GHIRUPDWLRQ LV
IRU H[DPSOH QRWHGZKHQ DSSURDFKLQJ WKH 3HOYRX[PDVVLI LQ WKH QRUWKHUQ SDUW RI WKH
LQYHVWLJDWHGDUHD
 7KHFRQVWDQWWRS:1:RULHQWHGVHQVHRIWUDQVSRUWDORQJWKH57GHGXFHGIURP
PLFURIDEULFV DQDO\VLV SUHVHQWHG KHUH JLYH IXUWKHU DUJXPHQWV FRQÀUPLQJ WKHPRGHO RI
&HULDQLHWDO
0LFURIDEULFDQDO\VLVRIVDPSOHVFROOHFWHGDORQJWKHEDVDOGHFROOHPHQW
OHYHORIWKH'DXSKLQRLVGHULYHGIURPWKH(RFHQHFRYHUDWWKHVRXWKHDVWHUQ
ULPRIWKH3HOYRX[PDVVLI
 $FFRUGLQJWRWKHVWUXFWXUDODQDO\VLVSUHVHQWHGLQFKDSWHUWZRPDLQGHIRUPDWLRQ
SKDVHV DIIHFWHG WKH (RFHQH FRYHU RI WKH HDVWHUQ ULP RI 3HOYRX[PDVVLI 'DXSKLQRLV
GRPDLQDÀUVWSKDVH' UHODWHG WR:1:GLUHFWHG WKUXVWLQJDORQJ WKH57 LVFOHDUO\
IROORZHGE\DODWHU'SKDVHDVVRFLDWHGZLWK6:GLUHFWHGPRYHPHQWV&OHDURYHUSULQWLQJ
SKHQRPHQD KDYH DOVR EHHQ GHVFULEHG DORQJ WKH57 LWVHOI DQGZLWKLQ WKH 'DXSKLQRLV
GRPDLQ
 'HIRUPDWLRQIHDWXUHVZLWKLQWKHEDVDOGHFROOHPHQWOHYHORIWKH7HUWLDU\'DXSKLQRLV
FRYHUDQGUHODWHGWR6:GLUHFWHGGLVSODFHPHQWDUHZLGHVSUHDGLQERWKWKH)RXUQHODQG
WKH'RUPLOORXVHYDOOH\VFIÀJDQG,QWHQVLW\RIGHIRUPDWLRQUHODWHGWR'LV
KRZHYHUPXFKKLJKHULQWKH'RUPLOORXVHDUHD7KHUHVHYHUDORXWFURSVDQDO\VHGDORQJ
WKHEDVDOGHFROOHPHQWOHYHORIWKH7HUWLDU\FRYHUGRQRWSUHVHUYHDQ\GHIRUPDWLRQIHDWXUHV
UHODWHGWR'GXHWRWKHYHU\LQWHQVH'RYHUSULQW7KHXQGHUO\LQJQXPPXOLWLFOLPHVWRQHV
DUHIUHTXHQWO\P\ORQLWLVHGGXULQJ'DIHDWXUHQRWREVHUYHGLQWKH)RXUQHODUHD7KHVH
GLIIHUHQFHVLQV\Q'VWUDLQLQWHQVLW\EHWZHHQWKHWZRYDOOH\VDUHDPHUHFRQVHTXHQFH
RIVWUDLQORFDOL]DWLRQGXHWRWKHGLIIHUHQFHVLQWKHWKLFNQHVVRIWKHEDVDOVKHDU]RQH$V
HVWLPDWHGE\%UJLVVHUWKLVWKLFNQHVVLVPHWHUVLQWKH'RUPLOORXVHDUHDDQG
PHWHUVLQWKH)RXUQHOYDOOH\
 ,Q WKH IROORZLQJ WKH UHVXOWV RI PLFURIDEULF DQDO\VLV RI QXPPXOLWLF VDPSOHV
IURPWKH3DOOXHOODNH'RUPLOORXVHYDOOH\LQWHQVLYHO\GHIRUPHGDQGFDUU\LQJDVWURQJ
1(6:RULHQWHGVWUHWFKLQJOLQHDWLRQFIÀJZLOOEHSUHVHQWHGVDPSOHV'R'R
DQG'RUPD6DPSOH)DQIURPWKH)DQJHDVODNHFIÀJLVSUHVHQWHGDVZHOO7KLV
&+$37(5

)L
JX
UH




6W
UX
FW
XU
DO

P
DS

RI

WK
H
'
RU
P
LOO
RX
VH

DU
HD

1
RW
H
WK
H
RY
HU
DO
O
1
(
6:

RU
LH
QW
HG

VH
QV
H
RI
W
UD
QV
SR
UW
UH
FR
UG
HG
L
Q
WK
H
ED
VD
O
GH
FR
OOH
P
HQ
W
OH
YH
O
RI

WK
H
(R
FH
QH

SD
UD
D
XW
RF
KW
RQ
RX
VF
RY
HU

6D
P
SO
HV
V
LWH
V
'
R

'
R

'
RU
P
D

DQ
G
)D
Q
DU
H
VK
RZ
Q


!
"

!

 





	



 


 
!


 





&!



 






!"
!
(


!


 
















 

* 





#



!












#
 

)


!
#
"!
 

)


!
#
"!




"

# 


#
"!
#
 

)


!
#


 


"



 






#
"






'
!&
)
#
$%

 


$

 
%

*"
$&


#
$
"

%
$

&"
#


$

! 

!
#
%


#
!
 
 

 



#
%

%
#&
$%
$



#
%

%
#&
$%
$
%
#
!
"
!%
$
!

$%
!
!

%!
 
%
#
%

 

 
%
!
 $


 


!


)
$

%


 

$



%


#
'




%




##

	*
#
&%

!

%
*

%


#
'


%


&




%

"

! 
$
(
%
#





''/
!'

*,
(
%''
*/
-!



,
0!
'


)!
 
/

*/
,,
!
*

'
)

	#,
	



#,
	
#,

(
+'
!
-%.
!

*

*

*,
(


(
+'
!
-%.
!

)

&+$37(5
VDPSOHUHYHDOHGPXFKZHDNHUWH[WXUHVZKHQFRPSDUHGWRWKHVDPSOHVIURPWKH3DOOXHO
ORFDOLW\DQGKHQFHGRHVQRWDOORZIRUDFFXUDWHFRQVLGHUDWLRQVLQWHUPVRIWH[WXUHDQDO\VLV
FIÀJ
 *LYHQ WKHVWURQJPLFURIDEULFGLIIHUHQFHVREWDLQHGEHWZHHQVDPSOH'RDQG
VDPSOHV'RDQG'RUPDWKHGHVFULSWLRQLVGLYLGHGLQWZRSDUWVVDPSOH'REHLQJ
SUHVHQWHGVHSDUDWHO\
6DPSOH'R
 7KH WKLQ VHFWLRQV SUHVHQWHG LQ ÀJXUH  VKRZ WKDW ERWK DV\PPHWULF FDOFLWH
SUHVVXUHIULQJHVGHYHORSHGDWWKHULPRIGHWULWLFDOTXDUW]JUDLQVDQGREOLTXH632DWDERXW
WRGHJUHHVWRWKHPDFURVFRSLFIROLDWLRQDUHFRQVLVWHQWZLWKWRS6:VKHDULQJRIWKH
URFN
 )URPWKHWH[WXUDOSRLQWRIYLHZWKHFD[LVSROHÀJXUHVKRZVDVWURQJPD[LPXP
DWWKH=SRVLWLRQZLWKDVWURQJVKRXOGHULQWKHGLUHFWLRQRIWKHF_SRVLWLRQFIÀJ
7KHDGLUHFWLRQDQGKFU\VWDOORJUDSKLFSODQHVVKRZJLUGOHVGLVWULEXWLRQVLQFOLQHGIURPWKH
;<SODQHLQDFRXQWHUFORFNZLVHVHQVH7KHUSROHÀJXUHVKRZVWRPD[LPDZLWKLQWKH<=
SODQHDQGRQHPD[LPXPDWWKHUSRVLWLRQ
 ,Q VXPPDU\ VDPSOH 'R SUHVHQWVPLFURIDEULF FKDUDFWHULVWLFV FORVH WR VDPSOH
6DD IURP WKH5<6= FKDSWHU 7KH FD[LV GLVWULEXWLRQ LV WKHUHIRUH LQWHUSUHWHG DV
DFRPELQDWLRQEHWZHHQ WZRSRVLWLRQVDWF_DQGFaDQG LW LVSURSRVHG WKDW WKLVVDPSOH
VXIIHUHGDVRFDOOHG´LQWHUPHGLDWHµVWUDLQUHJLPH7KLVPLFURIDEULFDQDO\VLVFRQÀUPVWKH
BA
37 .% 37 .%
3B
)LJXUH3KRWRPLFURJUDSKVRIVDPSOH'RQRUPDOWKLQVHFWLRQRIPLFURPHWHUVWKLFNQHVVREVHUYHG
XQGHUFURVVHGSRODUL]RUV7KHPDFURVFRSLFIROLDWLRQ6DLVKRUL]RQWDO
DDV\PPHWULFFDOFLWHSUHVVXUHIULQJHVGHYHORSHGDWWKHULPRIDGHWULWLFDOTXDUW]JUDLQ
EREOLTXH6326EREVHUYHGLQWKHG\QDPLFDOO\UHFU\VWDOOL]HGPDWUL[
%RWKSLFWXUHVLQGLFDWHDVLQLVWUDOVHQVHRIVKHDUFRPSDWLEOHZLWKWRS6:GLUHFWHGPRYHPHQWV
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)LJXUH7H[WXUHDQDO\VLVRIVDPSOHV'RDQG'R3DOOXHOODNHDQG)DQ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WRS6:GLUHFWHG VHQVHRI VKHDU UHFRUGHGZLWKLQ WKHEDVDOGHFROOHPHQWRI WKH (RFHQH
FRYHU
6DPSOHV'RDQG'RUPD
 7KHVHWZRVDPSOHVKDYHEHHQWDNHQIURPWKHVDPHOLPHVWRQHOD\HUDWDERXW
PHWHUVIURPWKH'RVDPSOLQJVLWH*LYHQWKLVFORVHGLVWDQFHLWFDQEHUHDVRQDEO\DVVXPHG
WKDWWKHPLFURVWUXFWXUDOFKDUDFWHULVWLFVEHWZHHQVDPSOH'RGHVFULEHGDERYHDQGWKHWZR
VDPSOHVGHVFULEHGQRZVKRXOGQRWEHVLJQLÀFDQWO\GLIIHUHQWQRWDEO\LQWHUPVRIJUDLQVL]H
DQGDPRXQWRIG\QDPLFUHFU\VWDOOLVDWLRQ7KHNLQHPDWLFFRQGLWLRQVDFFRPRGDWHGLQWKHVH
URFNVDUHWKHUHIRUHGHGXFHGEDVHGRQWKHUHVXOWVRIWKHWH[WXUHDQDO\VLVRQO\
 )URP D WH[WXUDO YLHZSRLQW WKH GLVWULEXWLRQ RI WKH U SODQH VKRZV WZRPD[LPD
ZLWKLQWKH<=SODQHDQGPD[LPDDWSRVLWLRQVUDQGU7KHISROHÀJXUHVKRZVWZR
VPDOOFLUFOHVGLVWULEXWLRQFHQWHUHGDW;DQGWKHVGGLVWULEXWLRQVKRZVWZRHTXDOPD[LPD
DW VGD DQG VGE VHHÀJ 7KH WH[WXUDO FKDUDFWHULVWLFVRI WKHVH WZR VDPSOHV DUH
WKHUHIRUHFRQVLVWHQWZLWKRUWKRUKRPELFV\PPHWU\
 7KHRUWKRUKRPELF V\PPHWU\RI WKH WH[WXUHRI VDPSOH'RUPD LVDOVRGHGXFHG
IURP WKHFRPPRQ IHDWXUHVQRWLFHGEHWZHHQ WKH LQYHUVHSROHÀJXUHVFDOFXODWHG IRU WKH
GLUHFWLRQVDW&:DQG&&:F_DQGF`F_1DQGF`1UHVSHFWLYHO\VHHÀJ
 *LYHQWKHLUWH[WXUDOVLPLODULWLHVZLWKVDPSOH03<IURPWKH5<6=VHHFKDSWHU
LWLVSURSRVHGWKDWVDPSOHV'RDQG'RUPDKDYHEHHQGHIRUPHGXQGHUFRQGLWLRQVRI
FRD[LDOVWUDLQ
 ,QVXPPDU\LWDSSHDUVWKDWDVLJQLÀFDQWDPRXQWRIFRD[LDOVWUDLQLVUHFRUGHGZLWKLQ
WKHEDVDOGHFROOHPHQWOHYHORIWKH(RFHQHFRYHU3DUWLWLRQLQJRIWKHEXONÁRZUHVXOWHGLQ
WKHIRUPDWLRQRIGRPDLQVGRPLQDWHGE\FRD[LDOGHIRUPDWLRQZLWKLQWKLVEDVDOVKHDU]RQH
6XFKSURFHVVHVKDYHSUHYLRXVO\EHHQUHFRJQL]HG LQ WKH0RLQH WKUXVW]RQH LQ6FRWODQG
/DZHWDOWKH%HWLFUDQJHLQ6SDLQ3ODWWDQG%HKUPDQQDQGWKH*DYDUQLH
WKUXVW]RQHLQWKH3\UHQHHV-+3'H%UHVVHU
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)LJXUH &RPSOHWH WH[WXUH DQDO\VLVRI VDPSOH 'RUPD1RWH WKHRUWKRUKRPELF OHYHORI V\PPHWU\
UHFRUGHGLQHDFKSROHÀJXUH
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
 0LFURIDEULF DQDO\VLV DORQJ WKH *DYDUQLH WKUXVW ]RQH FHQWUDO
3\UHQHHV
 $QH[WHQVLYHGHVFULSWLRQRIWKHJHRORJ\IURPWKH*DYDUQLHWKUXVW]RQHLVIRXQG
LQWKH3K'WKHVLVRI0DMHVWp0HQMRXODVDQG5RGGD])XUWKHULQVLJKWVDUH
IRXQGLQWKHGHVFULSWLRQE\'H%UHVVHUHWDODQGE\3DULVK
 )URPDJHQHUDOSRLQWRIYLHZ WKHJHRORJLFDOVHWWLQJ IRXQGDORQJ WKH*DYDUQLH
EDVDO WKUXVW ]RQH LV FRQVLVWHQW ZLWK WKH WKUXVWLQJ RI 'HYRQLDQ XQLWV RQWR &DPEUR
2UGRYLFLDQEDVHPHQWGXULQJ3\UHQHDQRURJHQ\VHHÀJ7KHRYHUDOOHPSODFHPHQW
RIWKLVNLORPHWULFVFDOHQDSSHLVWRZDUGVWKH6RXWK
 7KHVDPSOHVDQDO\VHGLQWKHSUHVHQWSDUDJUDSKKDYHEHHQWDNHQDORQJVWULNHRIWKH
*DYDUQLHEDVDOWKUXVW]RQHHDVWRIWKH*qGUHYLOODJHEHWZHHQWKH0RXGDQJDQG/RXURQ
ULYHUV VHHÀJ7KHVH URFNVDUH6LOXULDQDQG'HYRQLDQP\ORQLWLF OLPHVWRQHVDQG
SUHVHQWDFHQWLPHWULFVFDOHFRPSRVLWLRQDODQGJUDLQVL]HOD\HULQJ7KH\DUHSURYLGHGE\
-+3'H%UHVVHUDQG WKHSUHVHQWVWXG\ LVDLPHG WRFRPSOHWH WKH8VWDJHVWXG\RI WKLV
DXWKRUE\PHDQVRI;UD\WH[WXUDOJRQLRPHWU\
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.P
)LJXUH6WUXFWXUDOPDSRIWKH*DYDUQLHWKUXVW]RQHUHGUDZQDIWHU-+3'H%UHVVHU
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 7KH UHDGHU LV UHIHUUHG WR 'H%UHVVHU  S WR  IRU D FRPSOHWH
PLFURVWUXFWXUDOGHVFULSWLRQRIWKLVVDPSOHVHULHV7KHPRVWLPSRUWDQWSRLQWVIRXQGLQWKLV
SUHVHQWDWLRQDUH
 WZLQQLQJGHIRUPDWLRQLVRQO\RIPLQRULPSRUWDQFH
 LQWUDFU\VWDOOLQHGHIRUPDWLRQDQGG\QDPLFUHFU\VWDOOLVDWLRQDUHGRPLQDQW
 6& W\SH VWUXFWXUHV DQG SRUSK\URFODVWV JHRPHWU\ FRQÀUP WKH WRS6 GLUHFWHG
GLVSODFHPHQWDORQJWKH*DYDUQLHWKUXVWV\VWHP
 DQ DYHUDJH JUDLQ VL]H UDQJLQJ EHWZHHQ  DQG PLFURPHWHUV IRU WKH ÀQH
JUDLQHGOHYHOVDQDO\VHGE\WH[WXUDOJRQLRPHWU\
 $SDUW IURP WKH VOLJKWO\ KLJKHU YDOXHV RI JUDLQ VL]H WKH PLFURVWUXFWXUDO
FKDUDFWHULVWLFVRIWKHVHVDPSOHVDUHFORVHWRWKHRQHVDQDO\VHGLQFKDSWHU
6DPSOHV*$9JWDDQG*$9JWE
 7KHPRVWREYLRXVGLIIHUHQFHFRPSDUHGWRDOOWH[WXUHVDQDO\VHGVRIDULVWKDWWKH
VLJQDOUHFRUGHGRQDOOSROHÀJXUHV LVH[WUHPHO\QRLV\ VHHÀJ6XFKDUWLIDFWVDUH
W\SLFDOO\HQFRXQWHUHGLQ;UD\WH[WXUHDQDO\VLVZKHQWKHJUDLQVL]HRIWKHVDPSOHLVWRR
FRDUVH
 6DPSOH*$9JWDVKRZVRQHGRPLQDQWVGPD[LPXPWLOWHGLQWKHVHQVHRIVKHDU
7KHFD[LVGLVWULEXWLRQLVFRQVLVWHQWZLWKDVLQJOHPD[LPXPDWF_
 6DPSOH*$9JWESUHVHQWVWZRFOHDUFD[LVPD[LPDV\PPHWULFDOO\GLVSRVHGIURP
=7KH\FRUUHVSRQGWRWKHF_DQGF`SRVLWLRQVGHÀQHGLQFKDSWHU,QGHWDLOLWDSSHDUV
WKDWF_LVGRPLQDQWRQF`7KHVGVOLSGLUHFWLRQVKRZVRQHGRPLQDQWPD[LPXPDW=DQG
WZRVXEPD[LPDV\PPHWULFDOO\GLVSRVHGDWDURXQGIURPLW
 7KH WH[WXUH RI VDPSOH *$9JWD SUHVHQWV DQ RYHUDOO PRQRFOLQLF V\PPHWU\
FRPSDUDEOH WRVDPSOH03<IURP WKH5<6= FKDSWHU7KH OHYHORIV\PPHWU\IRU
WKHWH[WXUHRIVDPSOH*$9JWELVLQVWHDGFORVHWRRUWKRUKRPELFDQGVWURQJVLPLODULWLHVDUH
IRXQGZKHQFRPSDULQJWKLVVDPSOHWRVDPSOH03<IURPWKH5<6=
 $FFRUGLQJ WR WKHPRGHO SUHVHQWHG LQ FKDSWHU  LW LV FRQFOXGHG WKDW VDPSOHV
*$9JWDDQG*$9JWEKDYHH[SHULHQFHGYDULRXVDPRXQWVRIFRD[LDOUHVSQRQFRD[LDO
VWUDLQ
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)LJXUH 7H[WXUH DQDO\VLVRI VDPSOHV*$9JWD DQG*$9JWE$OOSROHÀJXUHV VKRZGHSDUWXUH IURP
RUWKRUKRPELFV\PPHWU\6HHWH[WIRUGLVFXVVLRQ

&+$37(5
6DPSOH*$9JWG

 7KH FD[LV SROH ÀJXUH VKRZV D YHU\ VWURQJ PD[LPXP VOLJKWO\ LQFOLQHG LQ D
FRXQWHUFORFNZLVH VHQVH IURP WKH IROLDWLRQ QRUPDO DQG SUHVHQWV DQ H[FHSWLRQDOO\ KLJK
LQWHQVLW\ RI  PUG FI ÀJ  7KLV WH[WXUH SUHVHQWV D PRQRFOLQLF V\PPHWU\
HYLGHQFHGE\WKHGLIIHUHQWGLVWULEXWLRQVRIDGLUHFWLRQVLQWKHQRQUHGXFHGSROHÀJXUHV
WKHSRVLWLRQDWURQWKHUSROHÀJXUHDQGWKHDV\PPHWULFJLUGOHGLVWULEXWLRQRIWKHI
FU\VWDOORJUDSKLFSODQHV
 7KHQRQRUWKRUKRPELFV\PPHWU\LVDJDLQFRQÀUPHGE\WKHQRQLGHQWLW\EHWZHHQ
WKHGLUHFWLRQVDW&&:DQG&:IURP=F_DQGF`F_1DQGF`1VHHÀJ
1RWHWKDWDVLJQDOFRQFHQWUDWLRQDWPLVUHFRUGHGLQWKHLQYHUVHSROHÀJXUHIRUWKHF_1
GLUHFWLRQZKLOHWKHLQYHUVHSROHÀJXUHIRUF_SUHVHQWVDVWURQJPD[LPXPDWF$FFRUGLQJ
WRWKHÀQGLQJVSUHVHQWHGLQFKDSWHUWKLVIHDWXUHLVLQGLFDWLYHRIDVLJQLÀFDQWFRQWULEXWLRQ
RIVOLSRQWKHEDVDOSODQHLQWZRFRQMXJDWHDGLUHFWLRQVGXULQJVLPSOHVKHDUGHIRUPDWLRQ
7KHPDLQWH[WXUDOFKDUDFWHULVWLFVRIWKLVVDPSOHDUHVWULNLQJO\VLPLODUWRWKHRQHVREVHUYHG
IRUVDPSOH6DDIURPWKH5<6=FKDSWHU,WLVWKHUHIRUHSURSRVHGWKDWVDPSOH*$9JWG
KDVEHHQGHIRUPHGXQGHUFRQGLWLRQVRI´LQWHUPHGLDWHµVWUDLQUHJLPH
 ,QKLVVWXG\-+3'H%UHVVHU DUJXHG WKDW WKH´FD[LV WH[WXUHVRIFDOFLWH
URFNV IURP WKH3\UHQHDQ*DYDUQLH WKUXVW]RQH LQGLFDWHDFRQVLGHUDEOHFRQWULEXWLRQRI
SXUHVKHDUWRWKHWRWDOVWUDLQµ7KHDQDO\VLVSUHVHQWHGDERYHJLYHVIXUWKHULQVLJKWVWRWKHVH
FRQFOXVLRQV DQG LW LV DUJXHG WKDW WKLVSXUH VKHDU FRPSRQHQWKDVEHHQ DFFRPPRGDWHG
E\GRPLQDQWVOLSRQWKHUDQGISODQHVVHHFKDSWHU7KHVLPSOHVKHDUFRPSRQHQWRI
GHIRUPDWLRQLQGXFHVLQWXUQGRPLQDQWVOLSRQWKHEDVDOSODQHVHHFKDSWHU
 7KHVLWXDWLRQIRXQGZLWKLQWKH*DYDUQLHWKUXVW]RQHLVGLUHFWO\FRPSDUDEOHWRWKH
RQHGHVFULEHGZLWKLQ WKHQXPPXOLWLF OLPHVWRQH IRUPDWLRQ IRXQGDORQJ WKH3ULDERQLDQ
FRYHUEDVDOGHFROOHPHQW OHYHO %XONÁRZGHIRUPDWLRQ LV LQERWK FDVHVSDUWLRQHG LQ D
FRPSRQHQWRIFRD[LDODQGDFRPSRQHQWRIQRQFRD[LDOVWUDLQ7KHVHQVHRIVKHDUGHGXFHG
IURPWKHPRUHRUOHVVSURQRXQFHGPRQRFOLQLFV\PPHWU\FRQÀUPVWKHWRS6GLUHFWHGVHQVH
RIWUDQVSRUWDORQJWKH*DYDUQLHEDVDOWKUXVW]RQH
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)LJXUH&RPSOHWH WH[WXUHDQDO\VLVRIVDPSOH*$9JWG7KHPRQRFOLQLFV\PPHWU\RI WKH WH[WXUH LV
PDLQO\HYLGHQFHGE\WKHGLIIHUHQWGLVWULEXWLRQEHWZHHQDDQG²DQRQUHGXFHGDSROHÀJXUHVDQGWKHU
PD[LPXPLQWKHUSROHÀJXUH
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
&RQFOXVLRQV
 $SSOLFDWLRQ RI WKHPRGHO RIPLFURIDEULF HYROXWLRQ SURSRVHG LQ FKDSWHU  IRU
FDOFLWHXOWUDP\ORQLWHVDOORZVWKHIROORZLQJFRQFOXVLRQV
 ,QFUHDVLQJDPRXQWVRIVLPSOHVKHDUGHIRUPDWLRQLVUHFRJQL]HGZKHQDSSURDFKLQJ
WKH3HOYRX[FU\VWDOOLQHPDVVLIIURPVRXWKWRQRUWK
 6LJQLÀFDQWÁRZSDUWLWLRQLQJRFFXUVZLWKLQODUJHVFDOHVKHDU]RQHV,WDSSHDUVWKDW
LGHDOVLPSOHVKHDULVUDUHO\REVHUYHGLQQDWXUDOVKHDU]RQHV
 7KHRYHUDOOWUDQVSRUWGLUHFWLRQVLQIHUUHGIURPRWKHUPHWKRGVQDPHO\WRS:1:
GLUHFWHG VKHDULQJ DORQJ WKH 57 WRS6: GLUHFWHG VKHDULQJZLWKLQ WKH (RFHQH
EDVDOGHFROOHPHQWDQGWRS6GLUHFWHGVKHDULQJDORQJWKH*DYDUQLHEDVDOWKUXVWDUH
FRQÀUPHG
 7KHDSSOLFDWLRQRIFDOFLWHWH[WXUHDQDO\VLVIRUVWUXFWXUDOSXUSRVHVLVRQO\SRVVLEOH
ZKHQ XVLQJ PLFURVWUXFWXUDO LQYHVWLJDWLRQV DV ZHOO VHH FKDSWHU  'HIRUPDWLRQ E\
WZLQQLQJRQWKHHFU\VWDOORJUDSKLFSODQHDOVRSURGXFHVWLOWHGFD[LVGLVWULEXWLRQV7KHVH
DUHKRZHYHURULHQWHGDJDLQVWWKHPDLQVKRUWHQLQJGLUHFWLRQ
 $VGHSLFWHGLQWKHVNHWFKSUHVHQWHGLQÀJXUHIRUDJLYHQVHQVHRIVKHDUWKH
FD[LV WLOWLQJGRFXPHQWHG LQ WKHFDVHRIPHFKDQLFDO WZLQQLQJ SRVLWLRQF7 LVRSSRVLWH
WRWKDWREVHUYHGXQGHUDUHJLPHRISODVWLFGHIRUPDWLRQSRVLWLRQF_8QGHUFRQGLWLRQV
RI FRD[LDO NLQHPDWLFV FDOFLWLFPDUEOHV SODVWLFDOO\ GHIRUPHG VKRZ D EURDGPD[LPXP
RULHQWHGQRUPDOWRWKHPDFURVFRSLFIROLDWLRQ7KLVPD[LPXPRIWHQVKRZVDWHQGHQF\WR
VSOLWLQWZRSRVLWLRQF_DQGF`DWIURP=DVGHVFULEHGLQFKDSWHU
FD[LV
6WUDLQ W\SH
 
	
	
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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)LJXUH6NHWFKVXPPDUL]LQJ WKHPDLQFD[LVGLVWULEXWLRQVREVHUYHG LQFDOFLWHP\ORQLWHVGHIRUPHG
XQGHUFRQGLWLRQVRIFRD[LDODQGQRQFRD[LDOVWUDLQ8QGHUQRQFRD[LDONLQHPDWLFVWKHFD[LVVHQVHRIWLOWLQJ
GHSHQGVXSRQWKHDFWLYHGHIRUPDWLRQPHFKDQLVP

6<17+(6,6


6<17+(6,6
7KLVODVWVHVVLRQDLPVWRSURYLGHDJHQHUDOV\QWKHVLVIRUWKLVZRUNEDVHGRQWKH
FRQFOXVLRQVDQGGLVFXVVLRQVSUHVHQWHGLQWKHGLIIHUHQWFKDSWHUV
7KH PDLQ UHVXOWV RI PLFURIDEULF DQDO\VLV RI FDOFLWH XOWUDP\ORQLWHV DUH ÀUVW
SUHVHQWHG7KH\ZLOOEHLQFRUSRUDWHGLQWKHVXPPDU\RIWKHUHJLRQDOVWUXFWXUDODQDO\VLV
SHUIRUPHGLQWKHDUHDEHWZHHQWKH3HOYRX[DQG$UJHQWHUDPDVVLIV
0LFURIDEULFDQDO\VLV
([FHSWLRQDORXWFURSH[SRVXUHZLWKLQDEURDGVKHDU]RQHDWWKHHDVWHUQULPRIWKH
3HOYRX[PDVVLI DOORZHG IRU D FRPSOHWHPLFURIDEULF DQDO\VLVRI FDOFLWHXOWUDP\ORQLWHV
UHFRUGLQJFRD[LDODQGQRQFRD[LDOGHIRUPDWLRQ
6DPSOHV GHIRUPHG XQGHU FRD[LDO NLQHPDWLFV VKRZ D JUDLQ VKDSH IDEULF ZLWK
RUWKRUKRPELF V\PPHWU\ 7KHLU WH[WXUHV DUH FKDUDFWHUL]HG E\ WZR FD[LV PD[LPD DW
WKHSHULSKHU\RI WKHSROHÀJXUHV\PPHWULFDOO\RULHQWHGDW IURP WKHQRUPDO WR WKH
PDFURVFRSLFIROLDWLRQDVDUHVXOWRIDFWLYLW\RI!DQG!VOLSDORQJWKHIDQG
USODQHV
,Q FRQWUDVW VDPSOHV KDYLQJ H[SHULHQFHG VLPSOH VKHDU GHIRUPDWLRQ SUHVHQW D
PRQRFOLQLF VKDSH IDEULF 7KHLU WH[WXUHV DUH FKDUDFWHUL]HG E\ D VLQJOH REOLTXH FD[LV
PD[LPXPWLOWHGZLWKWKHVHQVHRIVKHDUE\DERXWDVUHVXOWLQJIURPGXSOH[D!VOLS
DORQJWKHEDVDOSODQH
7KH SUHVHQFH RI VDPSOHV VKRZLQJ VLPLODULWLHV ZLWK WKH WH[WXUHV RI VDPSOHV
FRD[LDOO\GHIRUPHGDVZHOODVRI VDPSOHVQRQFRD[LDOO\GHIRUPHGDOORZ WRSURSRVHD
PRGHORIPLFURIDEULFHYROXWLRQIRUFDOFLWLFURFNVIROORZLQJLGHDVSURSRVHGE\6FKPLG
DQG&DVH\
,W LVHPSKDVL]HG WKDW LQ WKHDEVHQFHRI WZLQQLQJGHIRUPDWLRQ WKHQHZ W\SHRI
REOLTXHFD[LVPD[LPXPURWDWHGV\QWKHWLFDOO\ZLWKWKHVHQVHRIVKHDUPLJKWEHXVHGDVD
UHOLDEOHVKHDUVHQVHLQGLFDWRU
)LHOGVWXG\
'HWDLOHGLQYHVWLJDWLRQLQWKHPRVWH[WHUQDO6XEULDQoRQQDLV%ULDQoRQQDLVXQLWVDQG
ZLWKLQWKH'DXSKLQRLVGRPDLQUHYHDOHGWKHSUHVHQFHRIVHYHUDOJHQHUDWLRQVRIVWUXFWXUHV
LQWKHDUHDEHWZHHQ3HOYRX[DQG$UJHQWHUDPDVVLIV
7KH HDUOLHVW SKDVH RI GHIRUPDWLRQ LV UHODWHG WR WKH 3\UHQHDQ RURJHQ\ 7KH
FRUUHVSRQGLQJGHIRUPDWLRQVWUXFWXUHVKDYHEHHQUHFRJQL]HGZLWKLQWKH'DXSKLQRLVGRPDLQ
HLWKHULQWKH0HVR]RLFFRYHURIWKH'DXSKLQRLVGRPDLQRUDVLQYHUWHGSDOHRJUDEHQVZLWKLQ
WKHH[WHUQDOFU\VWDOOLQHPDVVLIV7KHRYHUDOOVHQVHRIWUDQVSRUWUHODWHGWRWKLVSKDVHLVWRS
6<17+(6,6

1GLUHFWHG
7KHPDLQ$OSLQHSKDVHDIIHFWLQJWKHH[WHUQDO:HVWHUQ$OSVRFFXUVLQ2OLJR0LRFHQH
WLPHVGXULQJ:1:GLUHFWHGRXWRIVHTXHQFHWKUXVWLQJDORQJWKH5RVHOHQGWKUXVW57
NLQHPDWLFDOO\ OLQNHG WRGH[WUDOPRYHPHQWVDORQJ WKH5KRQH6LPSORQ OLQHDQGVLQLVWUDO
PRYHPHQWVDW WKH UHDURI WKH$UJHQWHUDPDVVLI6KHDU VHQVHVDORQJ WKH57KDYHEHHQ
GHGXFHGIURPPHVRDQGPLFURVFRSLFVKHDUVHQVHFULWHULDWRJHWKHUZLWKDSSOLFDWLRQRIWKH
PRGHORIPLFURIDEULFHYROXWLRQSUHYLRXVO\SUHVHQWHG$QDO\VLVRIFDOFLWHXOWUDP\ORQLWHV
GHULYLQJIURP OLPHVWRQHVRIGLIIHUHQWSDOHRJHRJUDSKLFRULJLQIRXQGDORQJVWULNHRI WKH
57HYLGHQFHGDQLQFUHDVLQJDPRXQWRIVLPSOHVKHDUGHIRUPDWLRQZKHQDSSURDFKLQJWKH
3HOYRX[FU\VWDOOLQHPDVVLI
2QHRI WKHNH\UHVXOWVRI WKHVWUXFWXUDODQDO\VLVSUHVHQWHG LQFKDSWHUFRQVLVWV
LQ WKHUHFRJQLWLRQ WKDW6:GLUHFWHGPRYHPHQWVFOHDUO\SRVWGDWHHDUOLHU:1:GLUHFWHG
WKUXVWLQJDORQJWKH57&OHDURYHUSULQWLQJUHODWLRQVKLSVKDYHEHHQIRXQGZLWKLQWKHEDVDO
GHFROOHPHQW RI ERWK 'DXSKLQRLV SDUDDXWRFKWRQRXV 7HUWLDU\ FRYHU DQG +HOPHQWKRLG
)O\VFKRI WKH(PEUXQDLV8ED\HQDSSHVWDFN7RS6:GLUHFWHGPRYHPHQWVKDYHDJDLQ
EHHQHYLGHQFHGXVLQJDFRPELQDWLRQRIPHVRDQGPLFURVFRSLF VKHDU VHQVH LQGLFDWRUV
WRJHWKHUZLWK WKHPRGHO RIPLFURIDEULF HYROXWLRQ SUHVHQWHG LQ FKDSWHU  ,PSRUWDQW
SDUWLWLRQLQJRI WKHEXONÁRZ LQWRGRPDLQVHLWKHUGRPLQDWHGE\FRD[LDORUQRQFRD[LDO
GHIRUPDWLRQRFFXUVZLWKLQWKHVKHDU]RQHIRXQGDWWKHEDVHRIWKH7HUWLDU\FRYHU
7KH ODWHVW GHIRUPDWLRQ IHDWXUHV DIIHFWLQJ WKH LQYHVWLJDWHG DUHD DUH UHODWHG WR
QRUPDOIDXOWLQJVWLOODFWLYHDWSUHVHQWGD\V
,PSOLFDWLRQVIRUWKHHYROXWLRQRIWKHZHVWHUQ$OSLQHDUF
7KLV VWXG\ ÀUVW YDOLGDWHV WKH PRGHO SURSRVHG E\ &HULDQL HW DO  ZKR
SURSRVHGWKDWGXULQJ2OLJR0LRFHQHWLPHVWKHZKROH$GULDWLFLQGHQWHUZDVWKUXVWHGRQWR
WKH(XURSHDQSODWHWRZDUGVWKH:1:DORQJWKH57
'HIRUPDWLRQ IHDWXUHV UHODWHG WR6:GLUHFWHG WKUXVWLQJ FOHDUO\RYHUSULQW HDUOLHU
VWUXFWXUHVUHODWHGWRDFWLYLW\DORQJWKH577KLVLPSOLHVWKDWWKHGLYHUJHQFHRIWKUXVWLQJ
GLUHFWLRQVIURPQRUWKWRVRXWKRIWKH3HOYRX[PDVVLILVRQO\DSSDUHQW0RGHOVLQYROYLQJD
JUDGXDOFKDQJHRIWKUXVWLQJGLUHFWLRQVDUHFOHDUO\QRWDSSURSULDWHWRH[SODLQWKHVWUXFWXUDO
HYROXWLRQRIWKLVSDUWRIWKHZHVWHUQ$OSLQHDUF$SRVVLEOHRULJLQIRU6:GLUHFWHGWKUXVWLQJ
LVIRXQGLQWKHIRUPDWLRQRIWKH$SHQQLQHVDVDFRQVHTXHQFHRIRSHQLQJRIWKH7\UUKHQLDQ
EDVLQ

6<17+(6,6
6XJJHVWLRQVIRUIXUWKHUUHVHDUFK
7KH PLFURIDEULF DQDO\VLV RI ÀQHJUDLQHG FDOFLWH XOWUDP\ORQLWHV IRXQG LQ WKH
LQYHVWLJDWHGDUHDGRFXPHQWHG WKDW WKHPLFURIDEULFVGHYHORSHGSULPDULO\E\GLVORFDWLRQ
FUHHSDFFRPSDQLHGE\G\QDPLFUHFU\VWDOOLVDWLRQ+RZHYHULWKDVEHHQQRWLFHGDVZHOOWKDW
WKHYLVLEOHRULHQWDWLRQGLVWULEXWLRQIXQFWLRQPD[LPDDUHEXLOWRQVPDOOYROXPHSRUWLRQVRI
WKHVDPSOH7KLVVXJJHVWVWKDWRWKHUGHIRUPDWLRQSURFHVVHVVXFKDVJUDLQERXQGDU\VOLGLQJ
SOD\HGDVLJQLÀFDQWUROHLQWKHRYHUDOOGHIRUPDWLRQRIWKHURFN,WLVWKHUHIRUHOLNHO\WKDW
DFRPELQHGDFWLYLW\RIERWKJUDLQERXQGDU\VOLGLQJDQGGLVORFDWLRQFUHHSRFFXUV)XUWKHU
LQYHVWLJDWLRQVDUHQHHGHGWRTXDQWLI\WKHUHODWLYHDFWLYLW\RIHDFKPHFKDQLVPQRWDEO\E\
PHDQVRIH[SHULPHQWDOGHIRUPDWLRQDQGHOHFWURQEDFNVFDWWHUHGGLIIUDFWLRQ
&RQFHUQLQJWKHOLQNDJHEHWZHHQ6:GLUHFWHGWKUXVWLQJLQ'DXSKLQRLVGRPDLQDQG
IRUPDWLRQRIWKH$SHQQLQHFKDLQIXUWKHUZRUNLVQHHGHGWRYHULI\WKLVK\SRWKHVLVZKLFK
UHPDLQV VSHFXODWLYH LQ WKH DEVHQFH RI GHHS VHLVPLF GDWD DQGZHOOFRQVWUDLQHG SKDVH
FRUUHODWLRQEHWZHHQ$OSLQHDQG$SHQQLQHFKDLQV
6<17+(6,6


$33(1',&(6


$SSHQGL[$
$33(1',;$&RPSOHWHVWUXFWXUDOGDWDVHWDQGLQVLJKWVRIWKHHDVWHUQ
ULPRIWKH3HOYRX[PDVVLI

7KLVDSSHQGL[ÀUVWJLYHVWKHFRPSOHWHGDWDVHWRIVWUXFWXUDOGDWDFROOHFWHGZLWKLQWKH
LQYHVWLJDWHGDUHDDSSHQGL[$ÀJXUHV$$DQG$,WWKHQLOOXVWUDWHVVRPHGHWDLOV
RI WKHJHRORJLFDO VHWWLQJ IRXQGDW WKHHDVWHUQ ULPRI WKH3HOYRX[PDVVLI LHEHWZHHQ
&RPEH\QRWDQG5RFKHUGH O·<UHWSHDNV VHHÀJXUH$DQGÀJXUH$IRU ORFDOLVDWLRQ
$SSHQGL[$LQFOXGHVDPLFURVWUXFWXUDOVWXG\RIEDVHPHQWURFNVVKRZLQJD16GLUHFWHG
VWUDLQJUDGLHQW$SSHQGL[$VKRZVVRPHVWUXFWXUDOLQVLJKWVIURPWKH5RFKHUGHO·<UHW
VKHDU]RQH5<6=VHHFKDSWHUVDQG
$SSHQGL[$
7KHFRPSOHWHVHWRIVWUXFWXUDOGDWDQRZSUHVHQWHG LVRUJDQL]HGDFFRUGLQJ WR WKH
WKUHHPDLQGHIRUPDWLRQSKDVHVHQFRXQWHUHGLH':1:GLUHFWHGWUDQVSRUWDORQJWKH
5RVHOHQG WKUXVW'6:GLUHFWHGPRYHPHQWV DQG' ODWH1HRJHQHQRUPDO IDXOWLQJ
7KHVLJQLÀFDQFHRIWKHGLIIHUHQWDEEUHYLDWLRQVLVDVIROORZV6W/LQVWUHWFKLQJOLQHDWLRQ6
IROLDWLRQ)D[HVIROGD[HV'QRUP)QRUPDOIDXOWLQJUHODWHGWR'GHIRUPDWLRQSKDVH
,QRUGHUWRIDFLOLWDWHWKHGDWDSUHVHQWDWLRQWKHLQYHVWLJDWHGDUHDKDVEHHQGLYLGHGLQVXE
DUHDVVHHÀJXUH$5<5RFKHUGHO·<UHWPDVVLI%//D%ODQFKHPDVVLI)R)RXUQHO
YDOOH\'R'RUPLOORXVHYDOOH\9DXW7rWHGH9DXWLVVHPDVVLI5HRW5pRWLHUORFDOLW\
DQG2UF2UFLqUHVORFDOLW\
$SSHQGL[$

)LJXUH$6WUXFWXUDOPDSRIWKHHDVWHUQULPRIWKH3HOYRX[PDVVLI6XEDUHDV5<%/)R'R9DXW5HRW
DQG2UFDUHLQGLFDWHG
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
$SSHQGL[$
$SSHQGL[$
:HSUHVHQWHG LQFKDSWHU  WKHJHQHUDO WHFWRQLF VHWWLQJRI WKHHDVWHUQ ULPRI WKH
3HOYRX[PDVVLI2XUGDWD VXSSRUW WKHK\SRWKHVLVRI&HULDQL HW DO ZKR DUJXHG
WKDWWKHZHGJLQJRXWLQPDSYLHZRIWKH&RPEH\QRWPDVVLIZDVGXHWRDFWLYLW\DORQJWKH
5RVHOHQG WKUXVW 57:HSURSRVH WR LOOXVWUDWH WKLV16GHIRUPDWLRQJUDGLHQWIURP WKH
PLFURVWUXFWXUDOSRLQWRIYLHZXVLQJ WKUHHVDPSOHVRIEDVHPHQW URFNV IURP WKHFRUH
RI WKH&RPEH\QRWPDVVLI LQ WKHQRUWK SRLQW&RPE LQÀJXUH$ WKH*UDQJHWWHV
VOLFHDERYHWKH(\FKDXGDODNHSRLQW*UDQJLQÀJXUH$DQGWKHODVWUHPQDQWVRIWKH
&RPEH\QRWPDVVLIIRXQGEHORZWKH5RFKHUGHO·<UHWSHDNSRLQW<UHWLQÀJXUH$LQ
WKHVRXWK
$SSHQGL[$

)LJXUH$6WUXFWXUDOPDSRIWKHHDVWHUQULPRIWKH3HOYRX[PDVVLI6DPSOLQJVLWHV&RPE*UDQJ<UHW
DUHVKRZQ
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$ VDPSOH WDNHQ IURP WKHFRUHRI WKH&RPEH\QRWPDVVLI LV VKRZQ LQÀJXUH$
+DUGO\DQ\HYLGHQFHRIGHIRUPDWLRQ LV UHFRJQL]DEOH LQ WKLV WKLQVHFWLRQDV LVDWWHVWHG
E\QXPHURXVWULSOHSRLQWMXQFWLRQVEHWZHHQPLQHUDOVDQGVKDUSH[WLQFWLRQXQGHUFURVVHG
SRODUL]HUV7KHURFNVKRZVDQDVVRFLDWLRQRITXDUW]IHOGVSDWKDQGPLFDV$OOFU\VWDOVDUH
SOXULPLOOLPHWULFLQVFDOH
$VWXG\RIVDPSOHVIURPWKHEDVHPHQWRIWKH*UDQJHWWHVVOLFHUHYHDOHGFDWDFODVWLF
GHIRUPDWLRQSURFHVVHVIRUWKLVXQLW,QWKLQVHFWLRQPLOOLPHWULFDQJXODUVKDSHGIUDJPHQWV
FRPSRVHGRITXDUW]IHOGVSDUDJJUHJDWHVDUHUHFRJQL]DEOHVHHÀJXUH$7KHVHIUDJPHQWV
DUHFLPHQWHGE\DYHU\ÀQHJUDLQHGPDWUL[WKDWDOVRLQFOXGHVFDOFLWLFSUHFLSLWDWHV7KLV
PDWUL[VKRZVQXPHURXVWUDFHVRIIHOGVSDUDQGPLFDDOWHUDWLRQSURGXFWVUHVSRQVLEOHIRU
WKHRYHUDOO\HOORZLVKFRORURIWKHURFN
)LJXUH $ 3KRWRPLFURJUDSK IURP
&RPE  EDVHPHQW VDPSOH &URVVHG
SRODUL]HGOLJKW
)LJXUH $ 3KRWRPLFURJUDSK IURP
*UDQJ EDVHPHQW VDPSOH &URVVHG
SRODUL]HGOLJKW
$SSHQGL[$

$ PLFURVWUXFWXUDO LQYHVWLJDWLRQ RI VDPSOHV IURP WKH ODVWV UHPQDQWV RI WKH
&RPEH\QRWPDVVLIUHYHDOVDJDLQFDWDFODVWLFGHIRUPDWLRQSURFHVVHVVHHÀJXUH$
7KHURFNVFRQWDLQSDWFKHVRITXDUW]IHOGVSDUDJJUHJDWHVVHSDUDWHGE\DPDWUL[RI
PLFDVDQGFDOFLWLFSUHFLSLWDWHV7KHDYHUDJHJUDLQVL]HRIWKHTXDUW]IHOGVSDWKDJJUHJDWHV
LVPXFKVPDOOHUFRPSDUHGWRVDPSOHVIURPWKH*UDQJHWWHVVOLFH6LJPDFODVWVWUXFWXUHV
GHYHORSLQJDWWKHULPRITXDUW]JUDLQVDQGVKHDUEDQGVVWUXFWXUHVDUHFRPPRQO\REVHUYHG
([FHSWLRQDOO\DQROGIROLDWLRQSUREDEO\+HUF\QLDQLQDJHFRQVLVWHQWZLWKDOD\HULQJGXH
WRPLQHUDOVHJUHJDWLRQVEHWZHHQTXDUW]DQGPLFDVKDVEHHQUHFRJQL]HG
,WWKHUHIRUHDSSHDUVWKDWWKHXSSHUPRVWEDVHPHQWXQLWVIRXQGDWWKH5<6=VXIIHUHG
PXFKKLJKHUDPRXQWVRIGHIRUPDWLRQFRPSDUHGWRVDPSOHVIURPWKH*UDQJHWWHVVOLFH
7.7 %3%
)LJXUH $ 3KRWRPLFURJUDSK IURP
<UHW  EDVHPHQW VDPSOH &URVVHG
SRODUL]HGOLJKW

$SSHQGL[$
$SSHQGL[$
7KHXSSHUPRVWWHFWRQLFXQLWRIWKH5<6=FRQVLVWVRIERXGLQDJHGEDVHPHQWXQLWV
LQWHUSUHWHGDVUHPQDQWVRIWKH´&RPEH\QRWµPDVVLIWHFWRQLFDOO\UHGXFHGGXHWRDFWLYLW\
DORQJWKH57
7KHVHEDVHPHQWERXGLQVDUHDIIHFWHGE\VHYHUDOFRPSOLFDWLRQVWKDWZHDQDO\VHGLQ
GHWDLOVDQGSUHVHQWLQWKHIROORZLQJ
$ÀUVW W\SHRI ORFDOFRPSOLFDWLRQ LVIRXQGEHWZHHQ WKHXSSHU WHUPLQDWLRQRI WKH
5DYLQGHOD0RQWDJQROOHYDOOH\DQGWKH5RFKHUGHO·<UHWVXPPLW$VLQLVWUDOVWULNHVOLS
QHWZRUNDIIHFWVWKHXSSHUEDVHPHQWERXGLQVDQGWKHLU(RFHQHFRYHU7KHUHODWHGVWUXFWXUHV
KDYHEHHQSUHVHQWHG LQFKDSWHUDQG WKHUHDGHU LVUHIHUUHG WR WKLVVHFWLRQIRUGHWDLOHG
GHVFULSWLRQ
7KH VHFRQG W\SH RI ORFDO FRPSOLFDWLRQ FRQVLVWV LQ WKH IROGLQJ RI WKH EDVHPHQW
ERXGLQVDQGWKHLU3ULDERQLDQFRYHU$VFKHPDWLFUHSUHVHQWDWLRQRIWKHVHIROGVIRXQGDORQJ
SURÀOH$VHHPDSÀJXUH$LVJLYHQLQÀJXUHV$DQG$
([FHSWLRQDOO\ LQWHUIHUHQFH SDWWHUQV GXH WR VXSHUSRVLWLRQ RI IROGLQJ HYHQWV DUH
REVHUYDEOH VHH ÀJXUH $ 7KLV IROGLQJ LV DVVRFLDWHGZLWK D FUHQXODWLRQ FOHDYDJH
PDLQO\REVHUYDEOH LQ WKHXQGHUO\LQJ0HVR]RLFPDUOV7KLVFOHDYDJHFOHDUO\RYHUSULQWV
DÀUVWWHFWRQLFIROLDWLRQFRQVLVWLQJLQDPLQHUDOVHJUHJDWLRQEHWZHHQFDOFLWLFDQGPLFDV
ULFKOD\HUVVHHÀJXUHV$DQG$7KHVHIROGVFRPPRQO\HYROYHLQIDXOWSURSDJDWLRQ
IDXOWVWUXFWXUHVFUHDWLQJLPEULFDWHVEHWZHHQEDVHPHQWVOLFHVDQGWKHLUQXPPXOLWLFFRYHU
WRJHWKHUZLWKOHQVHVRI0HVR]RLFPDUOV6WULDWLRQVPHDVXUHGRQWKHFRUUHVSRQGLQJIDXOW
SODQHVLQGLFDWHDWRS:1:VHQVHRIPRYHPHQW
$SSHQGL[$

)LJXUH$'HWDLOHGJHRORJLFDOPDSRIWKH´5RFKHUGHO·<UHWµVKHDU]RQHUHDOL]HGDIWHUÀHOGPDSSLQJ
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VHHÀJXUH$D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
DW WKH ULP RI GHWULWLFDOTXDUW] JUDLQV VHHÀJXUH$E RU VKDSH SUHIHUUHG RULHQWDWLRQ
RI G\QDPLFDOO\ UHFU\VWDOOLVHG FU\VWDOV VHHÀJXUH$F IRXQG LQ VDPSOHV IURP WKHVH
OLPHVWRQHVDOVR LQGLFDWH:1:GLUHFWHG WKUXVWLQJ7KHVHFDOFLWHXOWUDP\ORQLWHVSUHVHQW
DVWURQJFU\VWDOORJUDSKLFSUHIHUUHGRULHQWDWLRQ WKHDV\PPHWU\RIZKLFK LQGHSHQGHQWO\
FRQÀUPVWKHVLQLVWUDOVKHDULQJ:1:GLUHFWHGRIWKHURFNVHHFKDSWHU
7KHWKLUGW\SHRIORFDOFRPSOLFDWLRQVLVWKDWDOVRUHFRJQL]HGE\%XWOHUZKR
QRWLFHGLQD´]RQHRIDIHZKXQGUHGPHWHUVZLGHDIIHFWLQJWKHKLJKHVWEDVHPHQWVKHHWV
WKHSUHVHQFHRIDVHULHVRIIDXOWVFXWWLQJGRZQWKURXJKWKHWKUXVWVWDFNWRZDUGVWKH:1:
DQGVKRZLQJQHWH[WHQVLRQDORIIVHWVZLWKUHVSHFWWRWKHWHFWRQLFSLOHµ
7KHSUHVHQFHRIWKHVHH[WHQVLRQDOVWUXFWXUHVZDVFRQÀUPHGVHHÀJXUH$$V
DUJXHGE\%XWOHUWKH\SUREDEO\GRQRWSOD\DPDMRUUROHLQWKHVWUXFWXUDOHYROXWLRQ
RIWKH5<6=,QGHHGDPRXQWVRIPRYHPHQWDORQJWKHIDXOWSODQHVUDUHO\H[FHHGDIHZ
PHWHUVDQGDUHRQO\QRWLFHGLQWKHXSSHUSDUWRIWKHVKHDU]RQH7KH\PD\EHFRQVLGHUHG
DVDNLQGRIVKHDUEDQGVDWWKHPDFURVFRSLFVFDOH
6LQFHDOONLQHPDWLFLQGLFDWRUVDUHFRQVLVWHQWZLWKWKUXVWLQJDORQJWKH57DQGEHFDXVH
WKHDPRXQWVRIGLVSODFHPHQWRUVWUDLQDFFRPPRGDWHGE\VWULNHVOLSDFWLYLW\IROGLQJRU
QRUPDOIDXOWLQJVKRZPRGHUDWHYDOXHVZHGRQRWFRQVLGHUWKHDERYHFRPSOLFDWLRQVDV
EHLQJFDXVHGE\D VHFRQG WHFWRQLFHYHQW ,QVWHDGZH LQWHUSUHW WKHVHFRPSOLFDWLRQVDV
EHLQJGXHWRVWUDLQSDUWLWLRQLQJDQGRUSURJUHVVLYHGHIRUPDWLRQZLWKLQRQHDQGWKHVDPH
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5RFKHUGHO·<UHWVKHDU]RQH5<6=VHHÀJXUH%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)LJXUH%6FKHPDWLFUHSUHVHQWDWLRQRIWKHRXWFURSIURPORFDOLW\VHHÀJXUH
%7KHORFDOLVDWLRQRIWKHGLIIHUHQWVDPSOHVLVUHSRUWHG

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 7KH ORFDOL]DWLRQRI WKH VDPSOHV LVJLYHQ LQ WKH VFKHPDWLF UHSUHVHQWDWLRQ IRXQG
LQÀJXUH% RXWFURS IURP ORFDOLW\ DQGÀJXUH% RXWFURS IURP ORFDOLW\ (DFK
VSHFLPHQHLWKHUVDPSOHGDWORFDOLW\RUKDVEHHQFKRVHQODUJHHQRXJKWRH[WUDFWVHYHUDO
VDPSOHVIRUWH[WXUDOJRQLRPHWU\,QWKLVZD\VDPSOHV03<03<EDQG03<VFIRU
H[DPSOHUHIHUWRWKHVDPH03<KDQGVSHFLPHQ
7H[WXUHVPHDVXUHPHQWV
$SSHQGL[%
 7KLVDSSHQGL[SUHVHQWVFDOFXODWLRQVRIUDQGKFU\VWDOORJUDSKLFSODQHVUHGXFHG
D DQG VG VOLS GLUHFWLRQV DQG FD[LV GHWHUPLQHG XVLQJ0(17(; 6FKDHEHQ 
LWHUDWLRQSURJUDPRQO\
,QDOOFDVHVWKHRULHQWDWLRQGLVWULEXWLRQIXQFWLRQ2')ZDVGHWHUPLQHGXVLQJDQRUGHURI
H[SDQVLRQHTXDOWR
 7KHGDWD DUHSUHVHQWHG DFFRUGLQJ WR WKHLU VDPSOLQJRULJLQ VHHÀJXUH% LH
ORFDOLW\DSSHQGL[%RUORFDOLW\DSSHQGL[%
$SSHQGL[%
 $VGHVFULEHGLQFKDSWHUWKLVRXWFURSFRQVLVWVRIDQLVRODWHGEDVHPHQWERXGLQ
DQG LWVSUHVHUYHG (RFHQH FRYHU7KLVEDVHPHQWERXGLQ VWUXFWXUH LV FXW DW LWVQRUWKHUQ
WHUPLQDWLRQE\DVLQLVWUDOVWLNHVOLS]RQHDFWLYHGXULQJWKHODVWLQFUHPHQWVRIGHIRUPDWLRQ
DORQJWKH570RYHPHQWVDORQJWKLVVLQLVWUDOVWULNHVOLSIDXOWLQGXFHVLQWHQVHGHIRUPDWLRQ
RIWKHQXPPXOLWLFOLPHVWRQHOD\HUZKLFKHYROYHVLQDQXOWUDP\ORQLWLFEDQGSDUDOOHOWRWKH
IDXOWSODQHVHHÀJXUH%
 7ZRPDLQVDPSOHVVHULHVKDYHEHHQ WDNHQ IURP WKLVRXWFURSDQGDUHSUHVHQWHG
VHSDUDWHO\LQWKHIROORZLQJ
 $SSHQGL[%UHIHUVWRVDPSOHVWDNHQIURPWKHPDLQP\ORQLWLFOD\HUIRXQGDW
ORFDOLW\VDPSOHV03<EQHWR03<*7/6DUHSUHVHQWHGLQÀJXUHV%WR
%
 $SSHQGL[% UHIHUV WRVDPSOHV WDNHQ IURP WKHP\ORQLWLFEDQGGHYHORSSHG
DWWKHQRUWKHUQWHUPLQDWLRQRIWKHRXWFURSIURPORFDOLW\VDPSOHV*7FVIWR
03<DUHSUHVHQWHGLQÀJXUHV%WR%
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 *LYHQWKHSDOHRVWUHVVDQDO\VLVSUHVHQWHGLQFKDSWHUDQGWKHYHU\VSHFLÀF
RULHQWDWLRQ RI WKH QXPPXOLWLF OLPHVWRQH IRXQG LQ VHGLPHQWDU\ FRQWDFW RQ WRS RI WKH
EDVHPHQW ERXGLQV LW KDV EHHQ DUJXHG LQ FKDSWHU  WKDW DOO VDPSOHV WDNHQ IURP WKLV
QXPPXOLWLF OLPHVWRQH OD\HUKDYHEHHQGHIRUPHGXQGHUFRQGLWLRQVRIGRPLQDQWFRD[LDO
VWUDLQFISURÀOHLQFKDSWHU
 $OOSROHÀJXUHVSUHVHQWHGLQWKLVVHVVLRQVKRZDQRUWKRUKRPELFOHYHORIV\PPHWU\
7KHFD[LVGLVWULEXWLRQLVFRQVLVWHQWZLWKDEURDGPD[LPXPQRUPDOWRWKHPDFURVFRSLF
IROLDWLRQDQGVKRZVDWHQGHQF\WRVSOLWLQWZRSRVLWLRQVV\PPHWULFDOO\GLVSRVHGDW
IURP=VHHQRWDEO\VDPSOH03<ELQÀJXUH%
 7KH JUDGLHQW RI GHIRUPDWLRQ IRXQG DFURVV WKHP\ORQLWLF OD\HU DQG GHVFULEHG
LQFKDSWHU LVFOHDUO\YLVLEOH LQ WKHVDPSOHVVHULHVSUHVHQWHGKHUH6DPSOHV03< WR
03<VHHÀJXUH%WDNHQLQFORVHYLFLQLW\ZLWKWKHEDVHPHQWXQLWVKRZWKHZHDNHVW
WH[WXUHVZKLOHWKHVWURQJHVWVLJQDOLQWHQVLWLHVLHDERYHPUGDUHIRXQGRQWKHXSSHU
SDUWRIWKHP\ORQLWHOD\HU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YDOXHVGHFUHDVH DQG WKHPHWDPRUSKLFJUDGH LQFUHDVHV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YDOXHVEHWZHHQ DQG cZKLFKDUHFKDUDFWHULVWLF IRUDQ LQWHUPHGLDWHSUHVVXUH
JUDGLHQW&NPÀJXUH&

$SSHQGL[&
)OXLGLQFOXVLRQV
7KHFKURQRORJ\RIWKHGLIIHUHQWSRSXODWLRQVLVUHODWLYHDQGZLWKUHVSHFWWRWKHLU
KRVWPLQHUDODQGWKHLURYHUJURZWK0XOOLV
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6XPPDU\
7KHUHVXOWVUHYHDODQLQFUHDVHRIWKHPHWDPRUSKLFFRQGLWLRQVIURPVRXWKWRQRUWK
.,DQGÉ,YDOXHVGHFUHDVHRIWKHLQYHVWLJDWHGDUHD7KH&KDPEUDQDQG<UHWYDOXHVDUH
WKHRQO\H[FHSWLRQZLWKYDOXHVFORVHWRWKHGLDJHQHWLF]RQH
7KH61GLUHFWHGPHWDPRUSKLFJUDGLHQW IRXQG DW WKH VRXWK HDVWHUQ ULPRI WKH
3HOYRX[PDVVLIKDGEHHQDOUHDG\GHVFULEHGE\$SUDKDPLDQ7KLVODVWDXWKRU
EDVHGRQLOOLWHFU\VWDOOLQLW\PHDVXUHPHQWVKRZHYHUREVHUYHGHSL]RQDOFRQGLWLRQVZLWKLQ
WKH'RUPLOORXVHDQG)RXUQHOYDOOH\V ,QGHSHQGHQWO\ WR WKHPHWKRGVXVHGVXFKYDOXHV
ZHUHQRWIRXQGLQWKHVWXG\SUHVHQWHGKHUH
7KHÀQGLQJVSUHVHQWHG LQ WKLV VHVVLRQ DUH LQVWHDG WR FRPSDUHZLWK WKRVH IURP
&HULDQLHWDO  LQ WKH'DXSKLQRLVDQG3HQQLQLFGRPDLQ LPPHGLDWHO\QRUWKRI WKH
3HOYRX[PDVVLI7KHLU UHVXOWV VKRZ KLJK DQFKL]RQDOPHWDPRUSKLF JUDGH DQGPHGLXP
SUHVVXUHFRQGLWLRQVGHGXFHGIURPLOOLWHFU\VWDOOLQLW\DQG.ZKLWHPLFDEFHOOGLPHQVLRQ
PHDVXUHPHQWV
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$QJHOLHU - DQG 0HFKOHU 3  6XU XQH PHWKRGH JUDSKLTXH GH UHFKHUFKH GHV
FRQWUDLQWHVSULQFLSDOHVHJDOHPHQWXWLOLVDEOHVHQWHFWRQLTXHHWHQVHLVPRORJLHODPHWKRGH
GHVGLHGUHVGURLWV%XOOHWLQGHOD6RFLHWH*HRORJLTXHGH)UDQFH
$SSV*03HHO)DQG(OOLRWW77KHVWUXFWXUDOVHWWLQJDQGSDODHRJHRJUDSKLFDO
HYROXWLRQRIWKH*UHVG·$QQRW%DVLQ'HHSZDWHUVHGLPHQWDWLRQLQWKH$OSLQH%DVLQRI6(
)UDQFHQHZSHUVSHFWLYHVRQWKH*UHVG·$QQRWDQGUHODWHGV\VWHPV*HRORJLFDO6RFLHW\
6SHFLDO3XEOLFDWLRQ
$SUDKDPLDQ-/DFULVWDOOLQLWHGHO·LOOLWHHWOHVPLQHUDX[DUJLOHX[HQERUGXUHGHV
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